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SUMMARY 


Potassium para-aminosalicylate (KPAS) was administered to 120 patients 
with tuberculosis. 

One hundred fifteen (96 per cent) tolerated 12 gm. daily doses of KPAS 
without difficulty. There were no evidences of potassium toxicity. 

Plasma PAS concentration studies revealed that KPAS is more rapidly 
absorbed and yields significantly higher values than either PAS or NaPAS. 

KPAS is ideally suited for use in patients with congestive heart failure, 
pregnancy, or other situations in which use of the sodium salt is precluded. 

The 10 per cent solution of KPAS was used for “desensitizations” of 
those who had acquired sensitivity reactions to PAS compounds. 

It is concluded that KPAS is superior to other forms of PAS. 
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Clinical Studies of 
Various Forms of PAS 


80:418-428 (Oct.) 1956. 
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..@ potent antihemorrhagic factor.” 
Sherber, D.A.: The Control of Bleeding, Am. J. Surg. 86:331 (Sept., 1953) 


“. . . since that date (1953) Adrenosem has been used postoperatively to reduce 
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table.” 
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SIGNIFICANCE OF BRONCHOSPIROMETRIC VALUES' 
G. BIRATH, 8. STALLBERG-STENHAGEN, anv E. W. SWENSON 
(Received for publication November 29, 1956) 
INTRODUCTION 


Following the introduction of flexible, double-lumen catheters, particularly 
the one designed by Carlens (1), bronchospirometry has become a widely used 
clinical method. It has proved to be of value in the preoperative examination of 
patients with pulmonary disease as well as for the evaluation of therapy, in- 
cluding resection and collapse. The accurate evaluation of the information ob- 
tained depends upon an understanding of certain factors: errors due to breathing 
mixtures containing higher concentrations of oxygen than ambient air; errors 
resulting from the resistance to breathing caused by the size and shape of the 
tube; the influence of the position of the patient during the examination; the 
accuracy (reproducibility) of the results; and the interpretation of the values 
obtained. 

The purpose of this paper is to discuss the significance of these factors on the 
basis of information available in the literature and the experience gained in the 
writers’ laboratory from more than 600 bronchospirometric studies. 


OBSERVATIONS AND DISCUSSION 


Errors due to oxygen breathing: Breathing a gas mixture rich in oxygen tends 
to eliminate the influence of the respiratory dead space (2). An increase in al- 
veolar oxygen tension may be produced even when the tidal volume is smaller 
than the respiratory dead space (3). This is due to the fact that the inspired gas 
does not move down the airway with a square front but rather with a cone-shaped 
front with the point directed downward. 

The venous admixture-like effect of uneven ventilation is also diminished by 
breathing an oxygen-rich gas mixture. As a consequence the oxygen uptake in a 
badly ventilated lung may be better than it would be in ambient air. Bjérkman 
and Carlens (2) noted that the percentage of oxygen uptake in a poorly venti- 
lated lung was increased from 2 to 5 when breathing a high oxygen mixture in 
contrast to breathing room air. Gaensler and Cugell (4) found no difference in 
cases of moderate unilateral functional impairment but found an increase with a 
mean difference of 9 between the values obtained in seven cases of severe uni- 
lateral pulmonary insufficiency. 

‘From the Pulmonary Function Laboratory, Renstrémska Sjukhuset, Gothenburg, 
Sweden 
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TABLE 
OxyGen CoNsuUMPTION AND VENTILATION VALUES OBTAINED AT BRONCHOSPIROMETRY 
Comparinc THe Errects or Insprrinc a OxyGen CoNCENTRATION IN THE 
Usvuat Mernop wits tHe Errecrs on Tuese PARAMETERS RESULTING FROM THE 
INSPIRATION OF Room AIR 


Oxygen Consum ption Ventilation 


Right Lung Left Lung Right Lung Left Lung 
Patient pay tb Per Cent of Per Cent of I + # Per Cent of Per Cent of 
Bilateral Bilateral! Bilateral Bilateral 


Room Room Room Room Room Room 
Hi O» Air Hi O» Air Hi O» Air Hi O Air Hi Os Air Hi O» Ai 


315 24 10 90 ( 42 10 
248 264 6 65 34 : +5 97 71 
272 271 75 69 25 d 5.96 5.68 72 
313 285 48 : : 9.23 42 
232 245 89 5.65 6.02 91 
233 225 } 6 95 


208 221 5 60 10 


238 Of 


298 79 


360 297 ‘ 100 


22 
32 


* 0°C., 760 mm. of mercury, dry 
+ 37°C., 760 mm. of mercury pressure and saturated with water vapor 


In a series of 10 patients the effect of breathing high oxygen mixtures has been re 
examined. The patients were first investigated using the twin-spirometer direct 
writing system; the spirometer bells were first filled with oxygen (tubes et cetera 
containing air). Samples of the gas mixture then showed 50 to 60 per cent oxy 
gen. After the examination of the patient the spirometer bells were found to contain 
approximately 30 to 40 per cent oxygen or more. Oxygen consumption and ventila 
tion were calculated over a five-minute period of quiet breathing. The patient was then dis 
connected from the spirometers and each lumen of his catheter was connected via a low- 
resistance respiratory valve to a Douglas bag. With the patient in the same body position 
as before, room air was inspired by each lung and, after each bag had been partly filled with 
expiratory gas and emptied again, expiratory gas was collected over a period ranging from 
seven to twelve minutes. The oxygen consumption and ventilation were calculated from 
bag volumes, collecting times, and the results of analyses with the Haldane apparatus on 
gas samples taken from the bags. The results are shown in table 1 


In 6 cases with less than 25 per cent oxygen uptake on one side, the difference 
between values obtained was 0, —5, 0, +2, +2, +3; and for the others, —1, —6, 
+7, —5. Thus, for general purposes, it is probably sufficient to remember that 
a lung with bad ventilation investigated in an atmosphere rich in oxygen (60 to 30 
per cent) may have a better oxygen uptake than when ordinary air is used. This 
difference, however, in the experience of the writers does not exceed an amount 
equal to the sum of the methodologic errors of the determinations. 

Errors due to resistance to breathing: The catheter which least changes the phys- 
iology of respiration is that of Carlens (1). Determinations of the resistance to 
air flow in this and other tubes at different flow rates have shown that both lu- 


700 
E.S 15 85 
G.I 67 29 33 
R. I 67 28 33 
N.-E. O iS 5S 52 
E. B S6 9 14 
G.H 81 11 19 
I. H 63 14 37 56 
R.C . 8 6 7.94 82 97 93 3 7 
A.W 23 21 7.70 96 76 75 24 25 
K. K 3 0 8.80 20 91 S6 9 14 
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mina of the Carlens catheters are superior to those in the Marsh, Zavod, Gebauer, 
and Norris models, when dry air is used (5, 6). The presence of water vapor in the 
spirometer system results in turbulence even in the largest catheters and at the 
slowest flow rates (6). As the back pressure to turbulent flow increases with the 
square of the flow rate, the better a lung ventilates, the more it is “‘penalized”’ 
with resistance. This effect is accentuated if hyperventilation or work studies 
are instituted in conjunction with bronchospirometry. The cross-sectional dimen- 
sions of the catheter are of particular importance because resistance to turbulent 
flow varies with the fifth power of the lumen’s internal radius (5, 6). The meas- 
ured differential resistance of the right and left sides of the Carlens tubes is 
slight (6) and has been found to be of no clinical significance. However, for 
catheters with greater resistance, and especially during forced respiration with 
high velocity air flow, relatively small differences between the two lumina of one 
catheter may be of significance. 

Influence of body position during bronchospirometry: Shifting from the supine to 
the lateral recumbent position results in an increase in the oxygen consumption 
in the lower lung with a corresponding decrease in the lung which is upper- 
most (7). This is apparently due to an increase in the volume of blood circulating 
through the dependent lung. The same type of shift in relative blood flow occurs 
when a change is made from the supine to the upright position (8, 9). An example 
of the clinical significance of this phenomenon is presented in the following case: 


The patient was a 43-year-old woman with bronchiectasis in the right middle lobe and 
the anterior segment of the right lower lobe. Bronchospirometry values were as follows 


Lateral Recumbent 


Sitting Supine 
Right Down Left Down 
Ab = ~ Ab = ~ Ab = ~ Ab = ~ 
per per per per fer per per per 
cent cent cent cent cent cent cent cent 


Oxygen consumption. 0.222 40 60 0.231 52 48 0.234 64 36 0.238 41 59 
Ventilation 8.30 33 «67 33 «67 39 7.0 22 | 78 


Thus it can be seen that disease confined to the lower anterior portion of one lung gave 
rise to a significant difference between the relative function of the two lungs when the pa 
tient was sitting. However, in the supine position, when the flow of blood passed mainly 
through the healthy upper and posterior parts of both lungs, the relative oxygen consump 
tion of the two sides resembled that normally seen. It was noted that, like the healthy 
left lung, the partially diseased right lung was also able to increase its oxygen uptake when 
dependent. The ventilation was decreased on the right side in both the sitting and supine 
positions, probably because of the lung changes on that side. This was further decreased 
when the patient lay on her left side but increased again when she lay on her right side 


* Absolute values are the sums of the right and left values calculated in liters per min 
ute, 0°C., 760 mm. of mercury, dry, for oxygen consumption and 37°C., 760 mm. of mercury 


and saturated with water vapor for ventilation 
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Because the ordinary position for daily work (and for ordinary spirometry) is 
upright, information obtained from bronchospirometry with the patient in the 
sitting position ought to give a more correct picture of the division of the oxygen 
uptake, as during rest and light work it may be assumed that the lungs do not 
participate in their entirety but for the most part use only their basal parts. How- 
ever, by using both upright and supine positions during the same study in se- 
lected cases, it may be possible to get some information about the function in 
different regions of one lung. 

Accuracy (reproducibility) of values obtained at bronchospirometry: Because of 
the force exerted during a maximal respiration, the vital capacity is not often 
influenced to the same degree by the presence of secretions or other partial ob- 
structions as are the ventilation and oxygen consumption. If the reproducibility 
of the different measurements in the procedure are compared by carrying out 
two bronchospirometries, one immediately after the other in the same patient, 
it will be found that the vital capacity is the factor which is the most reliable, 
while the oxygen uptake and ventilation show fairly great differences. The 
standard deviation for double determinations of oxygen uptake has been shown 
to be 3.8 per cent units plus-minus 0.3, for ventilation 3.5 per cent units plus- 
minus 0.3, while vital capacity shows a better accuracy with a standard devia- 
tion of 1.7 per cent units plus-minus 0.1 (10). 

By using atropine or scopolamine as premedication, bronchial secretions are 
diminished to a considerable extent, but in some cases they may collect in one or 
both lumina of the catheter and influence the results. Secretions when present 
are often detectable because of the rhonchi they produce and the irregular venti- 
latory tracing which results; they can usually be removed by suction with a long 
and suitably slender flexible tube. The reliability of the results in “wet” cases is 
not very good, however, and it is better to postpone the investigation until the 
amount of secretion has been diminished by suitable treatment, especially chemo- 


therapy and postural drainage. This delay is also advisable because of the de- 
creased risk to the patient (less chance of bronchogenic spread) and to laboratory 


personne! 

Another potential source of error is the partial obstruction of the orifice of 
the catheter’s left lumen because of a change in the anatomy of the left main 
bronchus. This occurs especially in tuberculosis when there is shrinking of the 
left apex with traction on the distal part of the main bronchus in an upward and 
backward direction. The tube’s left orifice may then be found to be pressed 
against the inferior (medial) aspect of the wall of the left main bronchus. The 
judicious use of previous bronchograms and fluoroscopic guidance often enable 
the examiner to alter the position of the catheter so as to relieve the obstruction. 
On two occasions in the writers’ experience, the tip of the catheter lodged in the 
right instead of the left main bronchus, giving rise to inverse values. The possi- 
bility that pathologic variations in the bronchial tree give rise to such errors 
must be kept in mind. 

The interpretation of values obtained: When two bronchospirometric studies are 
compared, e.g., pre- and postoperative, it is common to use the difference between 
the two percentage values for the portion of the bilateral oxygen uptake, ventila- 
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tion, and vital capacity values contributed by the lung in question as an expres- 
sion for the loss of function. These figures are difficult to interpret because di- 
minished figures for one lung are combined with increased figures for the other; 
the loss is in reality far greater than the decrease of figures for one lung would 
indicate. 

If it can be assumed that the contralateral lung is not involved in the disease 
process, the normal value for the lung in question can be calculated and the 
values obtained from bronchospirometry can be related to it as “per cent of 
normal” (11). The normal relationship between the two lungs is taken as: right: 
left = 55:45 (9). If the contralateral lung does not have its normal function, the 
functional loss on the side under study can be calculated in per cent of its pre- 
vious, e.g., preoperative, function. This is correct if the function on the opposite 
side remains unchanged. The latter has been found to hold true in a group of 60 
tuberculous patients for the vital capacity in patients investigated before and 
after segmental resection. The vital capacity (a form of maximal function) of 
the nonoperated lung changed from a mean of 2.01 liters preoperatively to a 
mean of 1.93 liters three months postoperatively. The standard error of the dif- 
ference of the means was plus-minus 0.11 liter, indicating that no significant 
difference exists between the two means. 

Another prerequisite for calculating functional loss in per cent of normal or 
per cent of previous function is that the blood flow (oxygen uptake) and ventila- 
tion relationships between the two lungs remain the same during increased func- 
tion as during rest. That a constant relationship does exist between the two lungs 
at work as well as at rest was reported by Bjérkman and Carlens (2), but few 
data supporting it were presented. As has already been pointed out, increasing 
flow rates cause increasing resistance in bronchospirometric catheter lumina 
with the better ventilating lung suffering the most. In a group of 4 patients in 
whom this phenomenon has been evaluated, only a light degree of work was used 
(100-130 kg.-m./min.). This resulted in flow rates not exceeding 45 liters per 


minute, corresponding to a maximal airway resistance of 6 ml. of water, as only 
the large-size catheters were used (6). The largest difference between the flow 
rates of the two sides was 39 liters per minute corresponding to a resistance of 


TABLE 2 
OxyGEeN CONSUMPTION AND VENTILATION VALUES OBTAINED AT BRONCHOSPIROMETRY 
CoMPARING THE Errects or WorRK WITH THE VALUES OptTaINeD Durine Rest? 


Oxygen Consumption Ventilation 


ght 4 ung ght Lung eit Lung 

. Pe Bilatera Rig t Lung Left Lung Bilateral Right Lung Le _Lung 
— ml/min STPD* Per Cent of Per Cent of L/min BTPSt pr Vent of Per Cent of 
Bilateral Bilateral . Bilateral 


Rest Work Rest Work Rest Work est or Rest 


59 57 41 43 00 13.92 
67 5 3: 40 OS 
33 36 ) 5.54 21 
100 100 20 ON 


760 mm. of mercury, dry. 
760 mm. of mercury pressure and saturated with water vapor 


Rest | Work Wor 
384 581 55 54 45 16 
G. L 233 {71 62 60 38 40) 
M.N 212 759 12 16 58 54 
K. K 297 627 86 SS 14 12 
*0°C.., 
+ 37°C 
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5 ml. of water. The results of the study are given in table 2. The patients were 


studied, with a cycle ergometer, in a supine position inspiring room air, before 
and during exercise. Expired gas from the two lungs was collected in Douglas 
bags after a preliminary rinsing, and oxygen consumption and ventilation were 
calculated from bag volumes, collecting times, and analyses of samples from the 
bags for oxygen concentrations. It may be seen from the results in table 2 that 
the participation in the total function by one lung does not differ between rest 
and work more than the methodologic error found in double determinations. 
These results agree with those of Inada and associates (14). 

Thus, whether the contralateral lung has remained normal or whether it is 
merely unchanged, the following formula can be used? 


The function loss for the lung in per cent of its previous value 


a ) 
100 (Formula I) 
a(l — b 


Derivation of formula: I. The alteration of pulmonary function (oxygen consump 
tion, ventilation, and vital capacity) due to changes in one hemithorax (such as those 
caused by lung disease and/or its management), expressed as per cent of the ipsilateral 
function present before the changes took place, can be stated by the term 


A-a B-b 
100 


Equation | 
a 
when A is maximal bilateral function before the change, expressed in absolute units 
a is the fraction of the bilateral function contributed by the lung in question at the 
time of A (This is determined bronchospirometrically unless normal or ‘‘predisease”’ 
conditions are chosen as the point of departure In the latter case, a can be taken 
as 0.55 if the right lung is under scrutiny, or as 0.45 if the left lung is being studied 
{-a is thus the maximal unilateral function before the change; 
B is the maxima! bilateral function after the change 
» is the fraction of bilateral function contributed by the changed lung 
and B-b is the maximal function on the changed side 
If the maximal function of the contralateral lung is not changed during the observation 
period, the following expression is warranted (The rationale of this assumption plus that 
indicating the constancy of the relationship of the two lungs to each other during work 
as well as during rest are discussed in the main body of this report 


ACI 4 Bil b Equation 2 
when (1 a) is the fractional contribution of the contralateral lung to the bilateral 
function before 
und (1 b) is that lung’s fractional contribution after the change; 
the left member of equation 2 can be seen to be the maximal function of the contra- 
lateral lung before and the right-hand member that function after the change has 
taken place in the diseased lung 


Solving for B in equation 2 gives 
(Equation 3 


By substituting the value of B from equation 3 into the original expression of unilateral 
function change (equation 1), and reducing, Formula I is obtained: 
Unilateral function change in per cent of the lung’s original value 
b 


= 100 Equation 4 


SIGNIFICANCE OF BRONCHOSPIROMETRIC VALUES 705 


when a is the lung’s fractional part of the bilateral function at the previous 
study or if the per cent of normal is desired, a value of 0.55 can be taken 
for a if the right lung is under study, or 0.45 for the left lung; 

and 6 the same lung’s fractional part of the bilateral function at the later 
investigation. 

The loss of function in relation to the total (bilateral) normal or total pretreat- 
ment function can also be calculated from bronchospirometric data. The assump- 
tion that the contralateral side is normal in the first case, or unchanged in the 
second, also applies here. The following formula is used :* 

The functional loss in per cent of the total normal or total pretreatment func- 
ba; * 
— b’ 


(Formula IT) 


tion = 100 


when a and >} have the same definition as in formula I. 

In the following table is shown the magnitude of the functional loss when 
calculated (/) in percentage of preoperative total (bilateral) function, and (2) 
in per cent of the preoperative value for the operated lung, when lungs of various 
functional importances were operated upon and suffered a loss of 10 ‘“‘broncho- 


spirometric per cent.” 


Bronchospirometric Per Cent Values for the 


Operated Lung Loss in Per Cent of Loss in Per Cent of Operated 


Bilateral Preoperative Lung’s Preoperative 
Function 
Preoperative Postoperative 


90 SO 
Sv) 
70 
60 
55 
5O 
40 
30 
20 
10 


Figure 1 demonstrates graphically a case in which a loss of 10 “‘bronchospiro- 
metric per cent’’ is equivalent to a one-third loss reckoned on the operated side. 
It should be pointed out in conclusion that the functional loss calculated on 
the basis of bronchospirometric values can thus be expressed as per cent of the 


‘II. The change in the total (bilateral) pulmonary function due to unilateral disease 
and/or its management can be expressed by the term 100 , Equation 5 
when A and B are defined as in Equation 1. Substituting for the value of B in this 
term the right-hand member of equation 3 and reducing, results in Formula II 
Total (bilateral) function change in per cent of the total original function 


a b 


= 100 7 I quation 6 
= 


5O 56 
33 42 
25 36 
20 33 
Is 33 
17 33 
14 36 
13 12 
1] 56 
10 100 
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Dov 


L|R 


Preoperatively Postoperatively 


Fic. 1. Right lung preoperatively: 55 per cent of total function. 
Right lung postoperatively: 45 per cent of total function 
Loss in “‘bronchospirometric per cent’’: 10 
Loss of function for the operated lung: 33 per cent of the lung’s preoperative (in 
this case also its normal) value 
Loss of total (bilateral) function: 18 per cent 


normal function on the side in question, as per cent of the total (bilateral) normal 
function, as well as per cent of the pretreatment function for the side in question, 
or per cent of the total (bilateral) pretreatment function. The most useful expres- 
sion of functional loss has been found to be the per cent of the normal function 
for the lung in question, when this is possible. 


SUMMARY 


Factors influencing the values obtained at bronchospirometry have been re- 
viewed and the following salient points stressed: 

If a gas mixture containing a high oxygen concentration is used in the spirom- 
eter system, a poorly ventilating lung may show a better value for oxygen 
consumption than it would if ambient air were used but, if concentrations used 
are about 50-60 per cent, the difference is negligible. 

Even with the use of the largest size of the best catheter available at present 
(Carlens), turbulence prevails at even the slowest flow rates. The better a lung 
ventilates, the more it will suffer by the resistance resulting from turbulence; 
this may give a contralateral poorly ventilating lung the appearance of being 
better than it really is. Obstructions due to secretions or anatomic changes of 
the left main bronchus may to some extent be corrected by judicious timing of 
the study, bronchial suction, and careful positioning. 

As the blood flow through the pulmonary vascular bed varies according to 
posture, the oxygen uptake for a diseased lung can change in different body posi- 
tions. Utilizing this phenomenon, information concerning the function within 
different parts of one lung can be obtained by investigations in the sitting and 


supine positions 
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Double determinations of oxygen uptake and ventilation contributed by each 
lung agree only to a fair degree. Vital capacity with its attendant forceful res- 
piration tends to overcome partial obstructions due to secretions, et cetera, and 


shows a smaller deviation. 

In order to make a correct interpretation of the relative values obtained at 
bronchospirometry, these values must be properly related to each other and the 
bilateral composite. If the maximal function of the contralateral lung remains 
unchanged between two serial studies, and since the relationship between the 
two lungs tends to remain the same during work as well as at rest, the loss of 
function on one side can be calculated as percentage of its previous value. The 
function of the lung in question can best be followed if, after each bronchospiro- 
metric examination, its functional loss is calculated as a percentage of its normal 
value, for example, before and after a form of therapy has been instituted; this 
can only be done, however, if the opposite lung is not significantly involved in 
the disease process. Formulas for these calculations are given and their deriva- 
tions presented. 


SUMARIO 
Sign acion de los Valores Bronce oe spirométricos 


Repasados los factores que afectan los valores obtenidos con la broncoespirometria, 
se recalean los siguientes puntos sobresalientes: 

Si se usa en el aparato espirométrico una mezcla gaseosa que contenga una elevada con- 
centracién de oxigeno, un pulmén mal aereado puede revelar un valor mayor de consumo 
de oxigeno que si se usara aire ambiente, pero, si las concentraciones usadas son aproxima- 
damente de 50 a 60 por ciento, la diferencia es menospreciable 

Aun usando el tamafio mayor de la mejor sonda obtenible hoy dia (Carlens), reina tur- 
bulencia hasta con las corrientes mds lentas. Mientras mejor se ventila un pulmén, més 
sufrirdé de la resistencia procedente de la turbulencia; esto puede dar a un pulmén contra- 
lateral que se ventila mal la apariencia de ser mejor de lo que es realmente. La oclusién 
debida a secreciones or alteraciones anatémicas del bronquio principal izquierdo es hasta 
cierto punto corregible con la fijacién juiciosa del tiempo para el estudio, la succién bron- 
quial y la cuidadosa seleccién de la posicién. 

Como el paso de la sangre a través del lecho vascular del pulmén varia de acuerdo con 
la posicién, la absorcién de oxigeno en un pulmén enfermo puede alterarse en distintas posi 
ciones del cuerpo. Utilizando este fenémeno, cabe obtener informacién acerca de diversas 
partes de un pulmén con investigaciones en las posiciones sedente y supina 

Dobles determinaciones de la absorcién de oxigeno y de la ventilacién correspondientes 
a cada pulmoén no convienen mdés que medianamente. La capacidad vital, con su concomi- 
tante respiracién forzada, tiende a sobrepujar las oclusiones parciales debidas a secreciones 
etc., y muestra una desviacién menor 

A fin de ejecutar una interpretacién adecuada de los valores relativos obtenidos con la 
broncoespirometria, hay que relacionarlos debidamente entre si y con el compuesto bila 
teral. Si la funcién maxima del pulm6n contralateral permanece inalterada entre dos estudios 
seriados y visto que la relacién entre los dos pulmones tiende a permanecer idéntica 
durante el trabajo asi como en reposo, cabe calcular la pérdida de funcién en un lado en 
porcentaje de su valor anterior. La funcién del pulm6n dado puede seguirse mejor si, después 
de cada examen broncoespirométrico, se calcula la pérdida de funcién como porcentaje de 
su valor normal, por ej., antes y después de aplicar una forma de terapéutica; sin embargo, s6lo 
puede hacerse esto cuando el otro pulmén no est4 mayormente comprendido en el proceso 
patolégico. Se ofrecen formulas para estos cdlculos y se presentan sus derivaciones 
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RESUME 
Stontfication des valeurs brone hospiron étriques 


Les facteurs influengant les valeurs obtenues en bronchospirométrie ont été analysés 
et les points saillants suivants ont été mis en évidence 

Lorsqu’un mélange gazeux A haute concentration d’oxygéne est introduit dans le systéme 
spirométrique, la consommation d’oxygéne dans le poumon mal ventilé peut étre meilleure 
que lorsque l’air atmosphérique est employé. Toutefois, si les concentrations n’atteignent 
que 50 A 60%, la différence est négligeable 

Méme avec l'emploi du spirométre le meilleur et du plus grand format dont on puisse 
disposer actuellement (Carlens) le phénoméne de la turbulence exerce une forte influence, 
méme avec les débits les plus lents. Plus la ventilation d’un poumon est grande plus il souf 
frira, en raison de la résistance produite par la turbulence; ceci pourrait faire attribuer au 
poumon contro-latéral mal ventilé une fonction meilleure qu'elle ne l’est en réalité. L’obs 
truction due aux sécretions ou aux modifications anatomiques de la bronche souche gauche 
peut étre corrigée dans une certaine mesure pal le choix du moment le plus favorable a 
l’exploration, par l’aspiration des sécrétions bronchiques et la posture appropriée 

Comme 


s circulation dans les vaisseaux pulmonaires varie selon la position du sujet 


la consommation d’oxygéne par le poumon malade change selon les différentes positions du 


corps. Ce phénoméne est utilisé pour obtenir des informations sur la fonction respiratoire 


dans les différents segments du poumon chez le sujet couché ou debout 
Les résultats de la double détermination de la consommation d’oxygéne et de la ventila 


tion a l’égard de la part prise par chaque poumon nh 


e concordent que jusqu’a un certain 
point I épreuve de | 


capacité vitale donne des écarts moins grands A cause de |’exagéra 
tion des mouvements respiratoires qui tend A vaincre les obstructions partielles dues aux 
secretions ou a out autre 


u cause 


De maniére A inte rpreter correctement les valeurs relatives obtenues en bronchospiro 
métrie, il vy a lieu d’établir les corrélations entre les valeurs elles-mémes et la valeur bilat¢ 
rale globale. Lorsque la fonction maxima du poumon opposé ne varie pas entre les deux 
étant donné que le rapport entre les deux poumons tend A demeurer in 
variable dans l’exercice comme au repos, la perte de fonction de l’un des cétés peut étre 


évaluée en pourcent ge par comparaison avec sa valeur anterieure I 


séries d’ét udes et 


meilleure maniére 


de suivre |’évolution de la fonction du poumon étudié consiste a évaluer la perte de fonetion 


en pourcentage par rapport a sa valeur normale aprés chaque détermination bronchospiro 
métrique, par exemple, avant et aprés l’institution d’un traitement particulier. Toutefois 
ceci ne peut étre ace ompli que lorsque le poumon oppose n'est pas affecté de lagon appre 
ciable par le méme | 


processus Pp ithologique Les formules ser ipportant a ces ealeuls et leurs 
dérivé sont présentées 
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INTRODUCTION 


Knowledge of the amount of the functional loss resulting from different types 
of resection for pulmonary tuberculosis is limited. Although the bilateral pul- 
monary function is of interest in this problem, the change in function on the 
operated side obtainable from bronchospirometry is even more pertinent. Such 
investigations have up to the time of the present writing been published only 
from Holland by Hirdes (1), Van der Drift (2, 3), and Limburg (4), and from the 
United States by Gaensler and associates (5) and by Taylor and associates (6). 


Review of the Literature 


Hirdes (1) found a depression of function following lobectomy to the extent that the 
operated lung decreased its participation in the bilateral function by mean values of 12 
per cent for oxygen uptake and 9 per cent for vital capacity in a series of thirty-six cases. 
Most of the operations were right upper lobectomies. In none of the cases was a thoraco 
plasty performed in conjunction with the lobectomy. In ten cases of resection of one to 
two segments there was a mean decrease in ipsilateral oxygen uptake of 10 per cent and 
vital capacity of 6.5 per cent, estimated in the same way as in the lobectomy group as 
change in the lung’s participation in the bilateral function. Postoperative studies for both 
groups were performed four to five months after surgery. Pleural drainage was not used, 
since the writer believed it to be disadvantageous 

In Van der Drift’s series of forty-three patients who underwent segmental resection, 
postoperative bronchospirometry was carried out, using the Zavod catheter five to six 
months after the operation (2). In the eighteen patients undergoing resection of the 


apicoposterior segment of the left upper lobe, the mean oxygen uptake for the oper- 
ated lung decreased from 44 per cent of the bilateral to 38 per cent; in thirteen cases 
of resection of the apical and posterior segments of the right upper lobe, the function 


decreased from 52 to 46 per cent. Thoracoplasty was apparently not performed in these 
patients. In a selected group of upper lobectomies (six right and six left), all of which were 
considered to be “perfectly successful,” the mean decrease in percentage of the bilateral 
oxygen uptake for the right-sided procedures was from 47 per cent preoperatively to 40 
per cent postoperatively, and for the left-sided operation group the unilateral function was 
40 per cent before and 25 per cent after operation (3 

In a series of twenty-nine lobectomies, Gaensler and associates found that the operated 
lung’s oxygen consumption decreased from a mean of 47 per cent of the bilateral function 
preoperatively to 35 per cent postoperatively. The corresponding figures for ventilation 
were 51 per cent before and 41 per cent after operation (5). The same writers described the 


results in seven patients undergoing resection of one to two pulmonary segments who 
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suffered a mean unilateral functional loss from 49 per cent of the bilateral preoperatively 
to 38 per cent for oxygen uptake, and 52 to 46 per cent for ventilation. It was concluded that 
“the multiplicity of factors which may influence the functional end result of lobectomy is 
difficult to foresee and the final outcome is highly variable. We are always more confident 
in predicting the functional result when thoracoplasty is planned.” 

Limburg has recommended a new method for calculating changes in unilateral function 
which gives a clearer idea of the change than the bronchospirometric percentage values 
themselves (4). Instead of expressing the lung’s function in percentage of the bilateral, the 
loss of function for the lung in question is calculated in percentage of the normal value 
for that same lung. Limburg illustrated this method with a series of selected, ideal cases 
In a group of fourteen patients who had undergone right upper lobectomy, the right lung 
suffered a mean loss of 47 per cent of its normal value for oxygen uptake and 35 per cent of 
its normal vital capacity. In five patients with right-sided lower lobectomy, the right lung 
lost a mean of 51 per cent of its normal oxygen uptake and 49 per cent of its vital capacity 
Two additional patients had both the right middle and lower lobes removed, resulting in 
a mean loss to the right lung of 67 per cent of its oxygen uptake and 61 per cent of its 
normal vital capacity. After resection of the apical and posterior segments of the right 
upper lobe in five cases, there was a mean functional decrease for the operated lung of 26 
per cent for oxygen uptake and 25 per cent of its normal vital capacity. Corresponding 
figures for the left lung following resection of the left upper lobe’s apicoposterior segment 
in seven patients were 19 and 16 per cent of the normal, respectively 

Taylor and associates (6) performed studies in thirty-five cases of segmental resection 
and in thirty-nine other patients who also had a tailoring thoracoplasty. All of the seventy 
four cases were studied before and about five months after operation. All of the patients 
suffered a loss of approximately 20 per cent of their total (combined) vital capacity, varia 
tions between the individual groups being remarkably few in this respect. The only group 
which had a larger vital capacity loss was that undergoing pneumonectomy. This sim 
ilarity in total functional loss, which obscured the differences between groups of patients 
having different numbers of segments removed, was considered to be due to the deleterious 
effect of the thoracotomy. Bronchospirometry showed “a slight shift of function to the 
opposite side in all categories of comparison The functional changes resulting from 
resections alone were not significantly influenced by the addition of a post-resection 


thoracoplasty.”” The spread of the values in the different groups was very large 


MATERIAL 


In the present study of 51 tuberculous patients, the unilateral functional 
loss attending segmental resection and lobectomy is presented and comparisons 


are made with the above-mentioned investigations. From preoperative broncho- 


spirometry the relative size of the functional loss due to the disease itself was 


also measured. 

On the basis of the extent of the resection, the patients were divided into the 
following four groups 

One-seqment group (no thoracoplasty : Eighteen patients who had resections of one 
pulmonary segment are included here. In 12 of these the resected segment was the apical 
segment of the right upper lobe or the apicoposterior of the left upper lobe. Four patients 


had resections of the lower lobe’s superior segment, one patient had a resection of the 
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superior lingula segment, and one had a removal of the right posterior basal segment 
Eight resections were right sided, and 10 were left sided 

Two-segment group (no thoracoplasty): Of the 16 patients who had two segments re 
moved, 10 had right-sided and 6 left-sided resections. All of the right-sided resections were 
in the upper lobe, usually involving the apical and posterior segments. In the left-sided 
subgroup, 3 patients had resections of the apicoposterior segment of the upper lobe as 
well as the superior segment of the lower, while in another the superior division of the 
upper lobe was removed. Two cases of resection of the upper lobe’s posterior subsegment 
along with the superior segment of the lower lobe are also included 

Upper lobectomy group (table 5): The group which had upper lobectomies is not uniform 
as to the number of segments and ribs removed. In 8 of the 10 patients thoracoplasties 
were performed in connection with the resection 

Lower lobectomy group (table 6): In the group which had lower lobectomies were included 
2 left-sided and 5 right-sided procedures. No thoracoplasty or other space-filling operation 
was performed in connection with the resection. In one of the cases (H. W.) the diaphragm 
on the operated side was paralyzed because of a previous phrenic crush; this was the only 
patient in the whole series who had had such a treatment 

All of the patients were essentially free of changes in the nonresected portions of their 
lungs and, with the exception of one (H. W., see above), had good ventilatory function 
as estimated by physical examination and fluoroscopy 

In each of the patients bronchospirometry was performed before operation after bron 
chial secretions had been minimized by a period of specific chemotherapy and rest. The 
second bronchospirometry was performed three months postoperatively 

No serious postoperative complications occurred, although in one case (B. O.) a segmen 
tal resection had been performed previously at another institution with the placement 
of a polyethylene plombe. A bronchial fistula developed after the operation so that, when 
the patient was admitted for further treatment, an upper lobectomy was necessary 
None of the other patients underwent any special selection so that the series is consid- 


ered to represent a reasonable average of functional results obtainable through resection 


MetTHops 


A double spirometer of the Knipping type was used with a circulating oxygen-rich gas 
mixture. The Carlens double-lumen catheter was used in all cases, sizes 35 or 37 for the 
women, 39 or 41 for the men. Investigations were carried out in each case with the patient 
In & supine position 

In none of the cases were there considered to be any significant parenchymal or pleural 
changes in the nonoperated lung; this permitted the calculation of functional loss in per 
centage of normal for the operated lung alone (7 

The functional loss in per cent of normal for the operated lung was calculated both before 
and after the resection, using the following formula (7 

1001a — b 
Loss of function for the lung in per cent of its normal value = a when a 
is this lung’s fractional part of the bilateral normal lung function before and 6 is the 
lung’s fractional part of the bilateral function after the functional loss. The value 
used for a was 0.55 for the right lung and 0.45 for the left 

The values obtained by this method of calculation provide a better idea of the size of 
the functional loss than can be had from the bronchospirometric values alone. However, 
for the sake of comparison both expressions for functional loss have been used and are 


shown in tables 1. 2. 5. and 6 


RESULTS 


One-segment group (no thoracoplasty) (table 1 and figure 1): Before operation 


the one-segment group had a very small depression of function on the side which 


was to undergo resection. The values for oxygen uptake and vital capacity were 


TABLE 1 


UNILATERAL FuncTionaL Loss AssociaATED WITH RESECTION OF 
One PuLMONARY SeGMeENT (18 Cases 


Right-Sided Operation, Left-Sided Operation Collected Right- and Left 
8 Cases 10 Cases Sided Operations, 18 Cases 


Before After Before After Before After 
Operation Operation Operation Operation Operation Operation 


Per Per 
Cent Loss in Cent 
f Per of 
i Cent of i 
lat Normal | lat 
eral eral 


Loss 
in Per 
Cent 
of Nor 
mal 


Loss 
in Per 
Cent 

of Nor-| ® 


mal 


Oxygen uptake 5 j 30 15 0 39 
Ventilation 53 28 16 1 4] 
Vital capacity 30 4 10 
Mean values for the function of the diseased lung before and three months after the 
operation are presented in terms of per cent of bilateral function and also as loss calcu- 


lated in per cent of the normal function for the lung 


Right Left Right+ 
8cases /0 cases 
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Ventilation 
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Ventilation 
| Vital capacity 


Per cent 
of bilalera/ 
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| 
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| 
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Fig. 1: Functional loss in per cent ol normal and per cent ot bilateral for the oper ited 


lung before (@) and after 1 one-segment resection 
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Per Per Per Per 
Cent Loss Cent Cent Loss Cent Loss 
in Per in Per n Per 
Cent of) Bi- | Cent | gi | Cent 
at Nor lat lat of Nor lat of Nor 
era erai eral 
100 
=== 
7S =e 
25 
25 | 
| | 


TABLE 2 


UNILATERAL Funcrionat Loss AssociaTep witH RESECTION OF 


Two Putmonary Seements (16 Cases) 
Right-Sided Operation, 
10 Cases 


Left-Sided Operation, 
6 Cases 


After 
Operation 


Before 
Operation 


After 
Operation 


Before 
Operation 


Loss 
in Per 
Cent of 
Normal 


Oxygen uptake } 36 18 
Ventilation & 7 36 18 
Vital capacity 18 


Mean values for the function of the diseased lung before and three months after oper- 


Collected Right- and Left- 
Sided Operations, 16 Cases 
After 
Operation 


Before 
Operation 


in Per 
Cent 

of Nor 
mal 


18 
13 
18 


ation are presented in terms of per cent of bilateral function and also as loss calculated 


in per cent of the normal function for the lung 


Right 


lO cases 


Left 


Per cenl 6 cases 


of normal 0 


— 


75 


50 


R ight+ 
left 


= 


-uptake 
ntilation 
Vital capacity 


Per cent 
of 


Ve 


Ventilation 
Vital capacity 


0,-uptake 


50 


= 


| 


Ventilation 
Vital capacity 


0,-u ptake 


0 


Fic. 2: Functional loss in per cent of normal and per cent of bilateral for the operated 


lung before (@) and after (8) a two-segment resection 
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TABLE 3 
DirrERENCE BETWEEN THE MEAN FuncTIONAL VALuES, Expressep as Per CENT or 
BILATERAL Function, ror Lunes Prior to Resection or ONE AND Two SEGMENTS 


Oxygen Uptake Ventilation Vital Capacity 


One segment, 18 cases of ( : 47 + 1.5 
Two segments, 16 cases : : 146+ 1.9 
Difference 1 + 2.4 


TABLE 4 
DirrERENCE BETWEEN THE MEAN FuNncTIONAL VALUES, ExXprRessep as Per CENT OF 
BILATERAL Function, ror Lunes Arter Resection or ONE AND Two SEGMENTS 


Oxygen Uptake Ventilation Vital Capacity 


One segment, 18 cases : K : 48 + 
Two segments, 16 cases , : ; 40 + 
Difference 3 + 


slightly less than half of the bilateral (47 per cent). Ventilation values always 
had a larger spread than did those for oxygen uptake and vital capacity, and it is 
for this reason that ventilation values will only be mentioned in the discussions 
to follow in connection with special questions. Three months postoperatively the 
percentage of bilateral function contributed by the operated side had decreased 
to 42 per cent for oxygen uptake and 43 per cent for vital capacity. 

If the function was calculated as loss in percentage of the operated lung’s normal 
value, the oxygen uptake was noted to be 89 per cent of the normal before the 
operation and 72 per cent after; for vital capacity the corresponding figures were 
89 and 75 per cent. It is evident then that the disease itself was responsible for a 
functional loss of about one-tenth of the lung’s normal value as compared with a 
loss of one-fourth of the lung’s function when measured three months after the 
operation. 

Two-segment group (no thoracoplasty) (table 2 and figure 2): The mean value 
for the part of the total function contributed by the diseased lung in the two- 
segment group was 46 per cent for both oxygen uptake and vital capacity 
After resection the respective values were 40 and 41 per cent. When the loss 
was calculated in percentage of the lung’s normal function, the mean value 
before surgery (due to the disease process) was 18 per cent (one-fifth). After 
the operation the loss was increased to 34 per cent for oxygen uptake and 37 per 
cent for vital capacity. In other words, three months after the operation the 
lung which had lost two tuberculous segments had also lost about one-third 
of its normal function. From tables 3 and 4 it may be seen that there are no 
significant or probable statistical differences? between the one-segment and the 
two-segment groups; in each respect the two-segment group does show lower 
values for function but the groups are too small to allow the emergence of sta- 
tistically significant differences. 

? By probable difference is meant one more than twice as large as its standard error; a 
significant difference was one at least three times as large as its standard error 
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TABLE 5 
IpstLATeRAL Lune Function Berore anp Taree Monrus 
Urprer Lopecromy THoracopiasty (10 Cases) 


Oxygen Uptake Ventilation Vital Capacity 


Before After Before After Before After 
Operation Operation Operation Operation Operation Operation 


Loss 


Segments 


M 
B.O 
Right 
U.J 
M.H 


44 
63 
61 
61 
67 


The function on the diseased side pre and postoperatively is expressed im per cent of 


the bilateral, and the loss is given in per cent of the normal function for that lung 


Upper lobectomy group (table 5): The variation in the number of segments 
resected as well as the extent of the tailoring thoracoplasty in the upper lo- 
bectomy group were accompanied by a larger spread in the values obtained for 
the loss of function. Before operation the oxygen uptake loss for the diseased 
lung ranged between 15 and 50 per cent (one-third) of the normal, with a corre- 
sponding ipsilateral vital capacity loss. Three months after the operation, the 


oxygen uptake loss on the operated side was between 37 and 76 per cent of the 


normal; the values were mostly grouped between 50 and 60 per cent except for 
the 2 patients undergoing bilobectomy plus segmental resection, in whom the 
losses were 73 and 76 per cent of the respective normal values. It was therefore 
apparent that the functional loss accompanying an upper lobectomy and a 
thoracoplasty (sometimes including the resection of an additional segment 
amounted to about half or slightly more of the operated lung’s normal value. 
tesection of the right upper and middle lobes plus the superior segment of the 
lower lobe plus a thoracoplasty cost the right lung three-fourths of its function. 
Lower lobectomy group (table 6): Before lobectomy, all of the patients in the 
lower lobectomy group had a relatively low function on the diseased side. The 
lowest values, 23 per cent of bilateral oxygen uptake and 26 per cent of the bi- 
lateral ventilation, were seen in Case H. W. (previously mentioned), with ipsi- 
lateral diaphragmatic paralysis due to phrenic crush. Otherwise the oxygen up- 
take for the group was depressed between 64 and 42 per cent of the normal value 
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Per | 4088) per | | Per | Per | Per | Loss 
Ribs B Bi Bi Bi Bi Cm Bi Cm 
eral |Nor-) |Nor-| | mal | ray |Nor-| | Nor-| | Nor 
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TABLE 6 
IpsILATERAL LunG Function Berore anp THREE Montus AFTER 
Lower Lopecromy (7 Cases) 


Oxygen Uptake Ventilation Vital Capacity 


Before Operation After Operation Before Operation After Operation Before Operation After Operation 


Per Loss in Per Loss in Per Loss in Per Loss in Per Loss in Per Loss in 
Cent Per Cent of Per Cent of Per Centof Per Cent of Per Cent of Per 
of Bi- | Cent of Bi Cent of Bi- Cent of Bi Cent of Bi Cent of Bi Cent of 
lateral Norma! lateral Normal lateral Norma! lateral Norma! lateral Norma! lateral Normal 


Left: 
M.M : 26 j . 3 : 12 42 

Right: 

37 2! 3: 51 
H. P 41 3: 2 ‘ i 47 


29 
3 
K. M. 34 36 24 2 
3 


4 
9 


G. 8. 40 ‘ a ‘ Sl of 62 


LJ 44 3: 3: 56 23 : 65 18 


The function on the diseased side pre and postoperatively 1s expressed In per cent of 
the bilateral and the loss is given in per cent of the normal function for the lung 


for that lung, or approximately one-half. The vital capacity corresponded to the 
oxygen uptake values in most of the cases. 

Three months postoperatively the oxygen uptake loss had increased on the 
operated side to an amount between 56 and 73 per cent of the normal value; the 
vital capacity loss at the same time was between 62 and 77 per cent of the normal 
for that lung. There was one exception which cannot be satisfactorily explained 
(Case M. M.), in which the vital capacity in the operated lung was 89 per cent of 
normal. Thus, for the group as a whole the functional loss was about half of the 
normal value before the operation, while postoperatively the loss for the operated 
lung was between two-thirds and three-fourths of its normal value. 


DISCUSSION 


The preoperative values show that the diseased lung has a significant loss of 
function, small in the one-segment group and up to approximately half of the 
normal value in patients in the upper and, especially, the lower lobectomy groups. 
This loss was particularly large in patients with considerable bronchiectatic 
changes, e.g., patients R.M. and K.M. 

In the one- and two-segment groups, the functional loss due to resection was 


essentially the same and was strikingly uniform. The lobectomy groups, on the 
other hand, exhibited far more serious and variable degrees of loss following re- 
section. The decrease in function found three months after operation, however, 


can under no circumstances be considered as definitive. A significant improve- 
ment can be expected to occur during at least the first year after surgery (8), 
so that the values given here must be considered to be lower than the ultimate 


1] 

67 

63 

74 

62 

74 
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ones. Preliminary investigations one to two years after resection in some of 
these patients have confirmed this expectation. 

A question of considerable interest is whether the different parameters of pul- 
monary function are similarly diminished by localized tuberculosis and its resec- 
tion management or whether oxygen uptake, for example, which is a measure of 
the blood flow through the lung, is affected more than ventilation. Such is the 
situation which exists in pleural disease (5), and it might be expected that pleural 
changes which can occur as a result of resection could have the same effect. In the 
one- and two-segment groups (tables 3 and 4) the oxygen uptake loss was not 
much different than that for ventilation. On the other hand, in the lobectomy 
groups, especially in the 2 patients undergoing bilobectomy (R. G. and E. V.) and 
in one (B. O.) with a six-rib thoracoplasty, the oxygen uptake loss was consider- 
ably larger than the ventilation decrease. There thus seems to be a trend toward 
disproportionately large oxygen uptake losses in comparison with ventilation in 
the more extensive resections. 

Another question which arises is whether the size of the functional loss which 
occurs as a result of resection corresponds to the quantity of resected lung tissue. 
An estimate of the amount of functioning parenchyma which was resected is 
difficult because of variation in the size of the segments and is bound to be only 
approximate. In the one-segment group the ipsilateral oxygen uptake and vital 
capacity losses after operation were both about one-fourth of that lung’s normal 
values. The anatomic loss could be considered to be about one-ninth or one- 
tenth of the lung. In the same way in the two-segment group, the removal of 
one-fourth to one-fifth of the lung was associated with a loss of one-third of the 


lung’s function 
This discrepancy between physiologic and anatomic reduction could be ex- 


pected to diminish with the passage of time after resection. Follow-up fluoro- 


scopic observations in these patients in the months after operation show a con- 
tinuous improvement in the contour and mobility of the diaphragm on the 
operated side, indicating steadily increasing ventilatory ability. Full agreement 
between the structural and functional reductions could probably never be ex- 
pected, however, one of the reasons being the changes in the pleura due to the 
operation. These include both the beneficial decortication which is often done 
during the same thoracotomy and the detrimental symphysis and scar formation 
which may follow. In the cases in the present study, the so-called “thoracotomy 
effect” has not been large enough to obscure or equal the differences between 
the functional losses in the segmental resection and lobectomy groups. 

In the lower lobectomy group, the resection was uniformly confined to the 
lobe itself, i.e., four segments on the left or five segments on the right. This would 
correspond to about half of the amount of parenchyma; however, the physio- 
logic reduction was larger, between two-thirds and three-fourths of the lung’s 
normal function being lost. The size of this loss is easily explained in patient 
H. W., in whom the diaphragm on the operated side was paralyzed. In patient 
I. J., the postoperative fluid formation was large and the expansion of the remain- 
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ing middle and upper lobes was slow, accompanied by a protracted period of poor 
diaphragmatic mobility. Another patient (K. M.) was a 13-year-old boy who 
could not cooperate well with the physiotherapy program, with the result that 
the diaphragm on the operated side adhered at a high level to the posterior chest 
wall, greatly limiting its excursions. In patient A. S., the diaphragm also became 
fixed in an elevated position which resulted in poor function. However, even 
the remaining patients showed a similar trend toward functional loss out of 
proportion to the amount of resected tissue. 

In the upper lobectomy group, 8 of the patients lost three to five segments 
vach. Of these, with the exception of FE. K., who had only three ribs removed and 
had an exceptionally good functional result, the functional loss was somewhat 
more than half of the lung’s normal value. The function of the 2 bilobectomy 
patients suffered a larger decrement, the loss being between two-thirds and three- 
fourths. 

The fact that the lower lobectomy group had a larger functional loss is believed 
to be attributable to the heightened tendency for the diaphragm to be drawn up 
and immobilized. However, the poorer function following all of the larger re- 
sections is understandable because of the increased incidence of large exudate 
formation, bleeding, and the hindrance to expansion of the remaining lung 
regions due to their position changes. 

The investigations were carried out with the patients in a supine position in 
order to obtain some idea of the functional changes resulting from disease in- 
volving basal as well as apical lung portions. Since the blood in the pulmonary 
vascular bed shifts to dependent lung parts in response to changes in body posi- 
tion (9), studies of the patients in an erect position could not be expected to shed 
much light on changes in oxygen uptake resulting from apical disease. 

A study similar to this one has been carried out in this laboratory on the func- 
tional loss associated with a small thoracoplasty (without resection) for apical 
tuberculosis (10). Before operation the patients in that series were clinically simi- 
lar to those in the present two-segment group except that the oxygen uptake on 
the diseased side was somewhat lower (72 per cent of the normal) than in the two- 
segment group (82 per cent). This difference is not significant. For the vital 
capacity, the difference was less (7 per cent). Three months after the ,thora- 
coplasty, the lung on the operated side had 59 per cent of its normal oxygen up- 
take ability left as compared with 66 per cent in the two-segment group. The cor- 
responding figures for vital capacity were 61 per cent (thoracoplasty) and 63 


per cent (two-segment group). The small thoracoplasty was therefore considered 


to be associated with only a small amount of functional loss similar to that seen 
after a two-segment resection. 

A good correspondence can be noted (table 7) between the functional results 
of resection herein reported and those of other writers (1-6), despite the fact 
that the postoperative studies were carried out earlier in the study in the present 


series. 
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TABLE 7 
or Unitarerat Function (Oxyoen Uptake), Expressep as PERCENTAGE OF THE 
Lune’s Norma. Function, Arrer SeGmMentat Resection anp Lopectromy 
Comparison of Previous Reports with Findings of the Present Study 
Ipsilateral 
Functional Loss 


in Per Cent 
of Norma! 


Number of 
hor and Year Reported Operation Number of Cases Months After 
Operation 


Hirdes, 1952 l 
Van der Drift, 1952 l 


Gaensler ef al., 1953 Segment (s 


segments 10 ‘ $6 


segments 3l 
7 


Limburg, 1954 1-2 segments 12 (selected 
Taylor et al., 1955 One segment Ss 
Taylor et al., 1955 Two segments 
Present study One segment 
Present study Two segments 
Hirdes, 1952 Lobectomy (mostly 
right upper 
Van der Drift, 1952 Upper lobectomy 12 (selected 
Gaensler ef al., 1953 Lobectomy 20 
Limburg, 1954 Upper lobectomy 14 (selected 
all right sided 
Limburg, 1954 Lower lobectomy 5 (selected 
all right sided 
Present study Upper lobectomy* 10 ; 58 
Present study Lower lobectomy 7 3 65 
— Frequently sccompanied by resection of additional segments and a tailoring thora- 


coplasty 


Of the measures associated with the best clinical and functional results, the 


follow ing are st ressed 


A. Preoperative measures 
1. Energetic efforts to reduce the amount and bacterial content of the sputum and 
to avoid bacterial resistance by using combined chemotherapy controlled by 
serial drug-susceptibility studies 
2. Encouraging light to moderate amounts of physical activity as well as diaphrag 
matic breathing exercises in the weeks immediately prior to surgery 
Intraoperative measures 
1. Lysis of all pleural adhesions including the inferior pulmonary ligament 
2. Thorough decortication including freeing the “‘curled-under”’ edges of the lowe 
lobe resulting from previous pneumothorax and removing the soft fibrin strands 
so often seen; the immediate gain in pulmonary expansibility is always striking 
3. Pleuralization of as much lung surface as possible after the completion of re 
section 
4. Saline irrigation of the entire pleural cavity prior to closure to wash out pleural 
irritants and check for airtightness 
5. Pleural drainage with two large catheters: one directed apicoposteriorly, the 


other ventrally 
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C. Postoperative measures 

1. Immediate and continued use of breathing exercises, coupled with the use of 
the contralateral recumbent (nonoperated side down) position (11). The physio 
therapist who trained the patient before the operation is actively responsible for 
his postoperative progress. If the diaphragm on the operated side moves slug- 
gishly or tends to become fixed in an elevated position, electrophrenic stimula 
tions are added to the regimen (12). 
In the presence of good expansion, early removal of the drainage tubes (third 
to fourth postoperative day) in order to minimize pleural reaction 
Early re-thoracotomy in case of extensive clotting, even though the general 
condition of the patient appears satisfactory. 


SUMMARY 

A series of 51 patients with pulmonary tuberculosis who underwent seg- 
mental resection or lobectomy has been studied for preoperative and post- 
operative unilateral functional loss. One segment was resected in 18 of the pa- 
tients; two segments, in 16. Upper lobectomy (frequently combined with the 
resection of an additional segment (3) and a small thoracoplasty) was performed 
in 10 patients; and lower lobectomy, in 7. 

Before resection in the one-segment group, the diseased lung had already 
lost one-tenth of its normal function; for those in the two-segment group this 
loss due to the disease itself amounted to about one-fifth of the normal value of 
the involved lung. Those in the upper lobectomy group, although not uniform, 
had a preoperative unilateral loss of about one-third, while patients in the lower 
lobectomy group had already lost one-half of the function on the diseased side 
before surgery. 

Three months after operation these losses were increased in each group, the 
operated lung having lost about one-fourth of its normal function after resection 
of one segment, about one-third after two segments, one-half to two-thirds 
after upper lobectomy-thoracoplasty, and approximately two-thirds to three- 
fourths after losing a lower lobe. 

The loss of function three months after operation was definitely larger than 
the amount of resected tissue, with the greatest deviations between physiologic 
and anatomic loss present in those hemithoraces suffering the greatest restriction 
to ventilatory movements. The more extensive resections were followed by 
larger and more unpredictable functional losses. All signs point to the likeli- 
hood of functional improvement after the three-month postoperative period 


covered by this study. Measures taken in the clinical management of the re- 


section patient that lead to the best functional results are discussed. 


SUMARIO 


Investigaciones B oncoes pirométricas Antes y Después de la Reseccién Segmental! 


a Lobectomia por Tuberculosis Pulmonar 


Una serie de 51 tuberculosos pulmonares sometidos a la reseccién segmental o la lobec 


tomia ha sido estudiada con respecto a pérdida pre- y postoperatoria de la funcién uni- 


¢ 
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lateral. En 18 de los enfermos, se resecé un segmento; en 16, se resecaron dos segmentos. 
La lobectomia superior (combinada frecuentemente con la reseccién de otro o mas segmentos 
y una toracoplastia pequefia) fué ejecutada en 10, y la inferior en 7. 

En el grupo unisegmental, antes de la reseccién, el pulmén afectado ya habia perdido 
la décima parte de su funcién normal; en el grupo bisegmental, esta pérdida debida a la 
enfermedad misma representaba la quinta parte del valor normal del pulmén interesado. 
Los sujetos del grupo de la lobectomia superior mostraron una pérdida unilateral preopera- 
toria, aunque no uniforme, de un tercio aproximadamente, mientras que los del grupo 
de la lobectomia inferior ya habian perdido antes de la cirugia la mitad de la funcién del 
lado afectado 

A los tres meses de la operacién, estas pérdidas habian aumentado en todos los grupos, 
habiendo perdido el pulmén operado aproximadamente la cuarta parte de su funcién normal 
después de la reseccién de un segmento, aproximadamente la tercera parte despufs de 
extirparse dos segmentos, de la mitad a dos tercios después de una lobectomia superior 
toracoplastia y aproximadamente de dos terceras a tres cuartas partes desptes de perder 
un lébulo 

A los tres meses de la intervencién, la pérdida de funcién era decididamente mayor 
que la proporcién de tejido resecado, correspondiendo las desviaciones m&ximas entre la 
pérdida anatémica y la fisiolégica a los hemitéraces que experimentaban la mayor limitacién 
de los movimientos ventiladores. Las resecciones mds extensas fueron seguidas de pérdidas 
de funcién mayores y mas impredecibles. Todos los signos denotan la probabilidad de que 
habr4 mejoria funcional después del periodo postoperatorio de tres meses abarcado en 
este estudio. Disctitense las medidas tomadas en la asistencia clinica de los enfermos re 


secados que conducen a la obtencién de los mejores resultados funcionales 


RESUME 


Recherches bronchospirométriques avant et aprés résection segmentaire et lobectomie 


pour tuberculose pulmonaire 


Une série de 51 cas de résection pulmonaire ou de lobectomie chez des malades atteints 
de tuberculose pulmonaire a été étudiée pour déterminer la perte de fonction unilatérale 


pré et post-opératoire. La résection d’un seul segment a été pratiquée chez 18 de ces malades 


et de deux segments chez 16 autres. La résection du lobe supérieur (fréquemment combinée 
& celle d’un ou de plusieurs autres segments) et une thoracoplastie minime a été effectuée 
chez 10 d’entre eux et la lobectomie inférieure chez 7 autres 

Dans le groupe ot |’exérése ne comprenait qu'un seul segment, le poumon malade avait 
subi avant la résection une perte de fonction d’un dixiéme, par rapport A sa fonc- 
tion normale, dans le groupe ot |’exérése comprenait deux segments, cette perte, due au 
processus tuberculeux, atteignait environ un cinquiéme de la valeur normale du poumon 
interessé. Les cas du groupe ayant subi la résection du lobe supérieur, sans étre uniforme, 
présentait une perte de fonction unilatérale préopératoire d’environ un tiers, tandis que 
chez les malades du groupe ayant subi la résection du lobe inférieur, le poumon opéré avait 
déja perdu environ la moitié de sa fonction normale avant |’intervention 

Trois mois aprés l’opération ces pertes étaient augmentées dans chaque groupe, le 
poumon opéré ayant perdu environ un quart de sa fonction normale aprés résection d’un 
segment, environ le tiers aprés résection de deux segments, la moitié ou les deux tiers 
aprés résection du lobe supérieur et thoracoplastie; aprés exérése d’un lobe inférieur cette 
perte était approximativement de deux tiers A trois quarts 

Trois mois aprés l’opération, la perte de fonction dépassait nettement |’importance de 
la résection; les écarts les plus grands entre la perte physiologique et la perte anatomique 
étaient observés dans les hemithorax od les mouvements respiratoires étaient le plus limités 
Ce sont les résectons les plus étendues qui étaient suivies des pertes de fonction les plus 
élevées et les moins prévisibles. Toutes les données indiquent qu’une amélioration fone 
tionnelle peut se produire aprés la période postopératoire de trois mois, durée de cette étude 


BRONCHOSPIROMETRY BEFORE AND AFTER RESECTION AND LOBECTOMY 


Les mesures cliniques devant étre adoptées pour obtenir le résultat fonctionnel le plus 


satisfaisant, dans les cas d’exérése, sont commentées. 
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INTRODUCTION 


With the increasing use of resection in the management of pulmonary tuber- 
culosis, the question of the way in which the function of the lungs is affected 
has become more and more significant. In other words, the value of an operative 
method must be judged not only on the basis of its ability to inactivate or remove 
a tuberculous process but also on its function-diminishing characteristics. Be- 
cause patients with tuberculosis for whom surgery is proposed often have little 
functional reserve, the choice of the type of operation may well be crucial in 


preventing any further progression toward respiratory insufficiency and cor pul- 


monale. 

In this paper the functional loss resulting from a small thoracoplasty for 
chronic apical tuberculosis is reported. In a subsequent paper this loss will be 
compared with that resulting from segmental resection in a similar group of 
patients. 

Previous experiences with bronchospirometry in the measurement of functional 
loss due to thoracoplasty are relatively few. Pinner and associates (1) carried 
out bronchospirometry postoperatively in eleven patients. The operations varied 
in extent, and the oxygen uptake of the operated side ranged from 23 to 46 per 
cent of the bilateral value (mean of 32 per cent). Leiner (2) investigated twenty- 
six cases of resection of four to eight ribs pre- and postoperatively. He found a 
slight decrease of oxygen uptake, minute volume, tidal air, and the ventilation 
equivalent. Gaensler and Watson (3) studied twenty-two cases of right-sided 
six-rib apical thoracoplasty. The studies showed that the right lung’s partic- 
ipation in the total oxygen uptake diminished from a preoperative value of 36 
per cent to a postoperative value of 22 per cent. In the same group the right 
lung’s vital capacity portion of the total went down from 38 to 22 per cent. In 
a larger mixed group of patients who were operated upon these same investigators 
found that the oxygen uptake diminished from 37 per cent of the total to 24 
per cent; for ventilation the preoperative figure was 41; the postoperative one, 32. 

It should be pointed out that these figures give a misleading impression of 
the loss of function sustained by the lung in question. It has been proposed by 
Limburg (4) that individual lung function (bronchospirometric) values be pre- 
sented as per cent of normal instead of the usual per cent of total. Such a method 
assumes a normal function for the opposite side which is thus used as a standard 
In the present study this method of calculation has been adapted to use for a 
series of patients undergoing small thoracoplasties in order to show the amount 
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of unilateral functional loss resulting from the disease itself and from the oper- 
ation. The changes undergone by each lung have also been calculated as per cent 
of total as a comparison. 


MATERIAL AND METHODS 


Twenty-two patients took part in the study, 7 women and 15 men. Half of the patients 
had right- and half had left-sided procedures. Nineteen of the patients were between thirty 
and fifty years old, one younger and two older. The lesions were confined to one apex so 
that a minor thoracoplasty was deemed sufficient. The contralateral lung was roentgeno- 
graphically free of changes, including pleural residuals. In 17 patients the five upper ribs 
were resected; in 3 patients, four ribs; and in 2 patients, six ribs. 

The preoperative bronchospirometry was carried out just before the operation when 
bronchial secretions had been minimized thus eliminating the most common cause of 
technical errors in bronchospirometry. The postoperative study was made three months 
after the operation. During the postoperative period regular physiotherapy was per 
formed, stressing diaphragmatic breathing exercises in the lateral recumbent positions 
5). This therapy was intensified if the pleural space had been entered intra-operatively 

The Carlens flexible, double-lumen bronchospirometry catheter (6) was used in all 
cases, size 37 for women and sizes 39 to 41 for men. The catheter was connected to a double 
Knipping-type spirometer and the investigation was carried out with the patient in a 
supine position 

For calculation the following formula was used (7): 

The loss of function for the lung in question in per cent of its normal value = 
a—b 
a(l — b) 
when a = the lung’s fractional part of the bilateral function normally 
and 6b = the lung’s fractional part of the bilateral function after the function loss 
The value used for a was 0.55 for the right lung and 0.45 for the left 


100 


RESULTS 
From table 1 it may be seen that the total (bilateral) oxygen uptake before 
and after operation was unchanged. The ventilation was somewhat higher post- 
operatively, but the difference is not larger than its standard error and therefore 
is not statistically significant (p = 0.3). The vital capacity for the two lungs 
together diminished 0.84 liter + 0.11, which is statistically significant (p 
0.001). The larger part of this decrease was on the operated side, but even the 


nonoperated side showed a loss of vital capacity from 2.15 liters + 0.11 before 
operation to 1.84 liters + 0.10 after operation. This decrease (0.31 liter + 0.30) 


is not statistically significant (p = 0.3) 


TABLE 1 
CHANGES IN PULMONARY FuNcTION RESULTING FROM A SMALL THORACOPLASTY (22 CASES 


Oxygen Uptake Ventilation Vital Capacity 


L. per min L. per min 
Before operation 0.364 + 0.022 7.92 + 0.50 3.85 
After operation 0.348 + 0.014 8.55 + 0.65 3.01 
Difference 0.016 + 0.013 0.68 + 0.60 0.84 


Numerical values represent bilateral function measured at bronchospirometry 


+ 0.22 
+ O.18 
+ U 1] 
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With respect to the individual lung on the operated side, it is obvious from the 
study of the several cases that there was a marked depression of function even 
before surgical intervention (figure 1 and table 2). The patients who had oper- 
ations on the right side, for example, had only 47 per cent of total oxygen up- 
take on the right compared with the normal of 55 per cent. The significance of this 
8 per cent decrease in bronchospirometric value is no less a functional loss than 
29 per cent when calculated for the right lung itself. After the operation the 
loss in the right lung increased to 38 per cent of the normal, i.e., postoperatively 
the right lung had 62 per cent of its normal oxygen uptake. In the same way it 
may be seen that the oxygen uptake of the left lung before a left-sided operation 
was 28 per cent less than the normal; postoperatively the loss was 47 per cent of 
the normal. It should be noted that in both right- and left-sided procedures the 
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TABLE 2 


Unmarerat Founcrion Berore ann Arter a Smatt Taoracopiasty (22 Cases 


. . ‘ . Collected Right- and Left- 
Right, 11 Cases Left, 11 Cases Sided Operations, 22 Cases 


Before 
Operation 


Before 
Operation 


Before 


Operation After Operation 


After Operation After Operation 


Per Cent of 
Bilateral 


Per Cent of 
Bilateral 


Per Cent of 
Bilateral 


Per Cent of 
Bilateral 


Per Cent of 
Bilateral 


Per Cent of 
Bilateral 


of Normal 
of Normal 
of Normal 
of Normal 
of Normal 
of Normal 


Loss in Per Cent 
| Loss in Per Cent 
Loss in Per Cent 
| Loss in Per Cent 
Loss in Per Cent 


| Loss in Per Cent 


| 


Oxygen uptake 7 y 20 4 
Ventilation 5 2.7 | 30 | 42 
Vital capacity 648 3.7 38 + 2.:! 33 + 


Mean values for the function of the diseased lung before and after operation are presented in terms of percentage 
of bilateral function and also as loss calculated in per cent of the normal function for the lung 


preoperative oxygen uptake loss due to the disease itself was greater than the 


additional loss caused by the thoracoplasty. 

Vital capacity changes pre- and postoperatively followed the same pattern as 
the oxygen uptake. 

On the other hand, ventilation losses were proportionally greater (figure 1). 
The preoperative ventilation values for the left lung were surprisingly close 
to normal. However, the values were widely spread and a comparison be- 
tween the right- and left-sided cases showed no statistically significant differ- 
ence. 

No statistical difference could be shown between the preoperative values on 
the operated side when the right- and left-sided groups were compared. The 
same held true for postoperative values. There was also no difference between 
the right- and left-sided groups with respect to the size of the decrement in 
oxygen uptake, ventilation, or vital capacity. 


DISCUSSION 


In order to calculate the loss of function suffered by the lung on the operated 
side in percentage of its preoperative value, it is assumed that the contralateral 
lung has not been changed functionally as a result of the operation. An analysis 
of this problem has been carried out and reported elsewhere by Birath, Stallberg- 
Stenhagen, and Swenson (7). It will suffice here merely to point out that no evi- 
dence exists against the above assumption and the method of calculation based 
upon it. 

Because of the fact that the contralateral lung in all of the present cases was 
clinically normal, the functional loss for the operated lung can be compared with 
that found as a result of other types of operation. 

It must be emphasized that the studies were carried out with the patients in 
a supine position. The oxygen uptake in the cephalic lung parts is good in this 


127 
4 4222.0 2 | 3722.4) 
2.6 7 | 456 + 2.1 18 6+ 3.6 | 39 
40 4322.2 2% | 3821.9 | 39 
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position (8), whereas it is significantly reduced in the upright subject, due to 
decreased perfusion whether there is parenchymal disease or not. In the present 
group of patients with apical tuberculosis before and after permanent collapse 
of the same region, supine studies accentuated functional differences between 
the two lungs. Sitting or standing studies would decrease these differences. 

As pulmonary function does not reach a stable level three months after an 
operation (9, 10), it could be expected that the functional loss due to thoracoplasty 
in this series later on would be less than that found in the postoperative study 
reported here. In the meanwhile it is evident that such apical lesions as were 
managed with a small thoracoplasty in this study were associated with a pre- 
operative functional loss of 25 to 30 per cent estimated for the lung on the oper- 
ated side. Despite the relatively early postoperative study done here, the func- 
tional loss due to the operation itself is less than that due to the disease process. 
Therefore, the ultimate complete functional loss would probably not greatly 
exceed an average of one-third of the normal value of a lung in a supine subject 


SUMMARY 


Twenty-two patients undergoing thoracoplasty (four to six ribs) whose op- 
posite lungs were apparently healthy were studied bronchospirometrically in 
the supine position immediately before operation and three months postoper- 
atively. Preoperatively the diseased lungs had already lost 24 to 30 per cent of 
their oxygen uptake and vital capacity. After surgery this loss from the cal- 
culated normal level for oxygen uptake was increased to 38 per cent in the right- 
sided group and 47 per cent in the left-sided group; for vital capacity the figures 
were 41 and 40 per cent, respectively. Thus, the greater part of functional decre- 
ment was due to the disease process. After postoperative stabilization of pul- 


monary function, it is estimated that the total functional loss for the diseased 
and operated lung would be about one-third of its normal value, calculated for 


the patient in the supine position. 


SUMARIO 
yaciones Bronco spiromeétricas infes y Después le { na Toracoplast a Pequena 


\ 22 enfermos sometidos a una toracoplastia (de cuatro a seis costillas), cuyos pulmones 
contralaterales eran aparentemente sanos, se les estudié broncoespirométricamente en 
dectbito supino inmediatamente antes de la operacién y tres meses después de ésta. Pre- 
operatoriamente, los pulmones afectados ya habian perdido de 24 a 30 por ciento de su 
toma de oxigeno vy capacidad vital. Después de la cirugia, esa pérdida del nivel normal 
caleulado para la toma de oxigeno aumenté a 38 por ciento en el grupo operado del lado 
derecho y a 47 por ciento en el del lado izquierdo; para la capacidad respiratoria, las cifras 
fueron de 41 y 40 por ciento, respectivamente. La mayor parte del decremento de la funcién 
se debid, pues, al proceso morboso. Después de la estabilizacién postoperatoria, calctlase 
que la pérdida total de funcién para el pulmén enfermo y operado seria aproximadamente 
de un tercio de su valor normal, calculado para el enfermo en la posicién supina 


RESUME 


Investigations broncho spirrometrique avant et apres une petite thoracoplastie 


Une étude broncho-spirométrique en position couchée a été faite immédiatement avant 


et trois mois aprés l’intervention chez 22 malades soumis A la thoracoplastie (4 4 6 cétes 


— 
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et dont le poumon opposé paraissait sain. Avant l’intervention, les poumons atteints 
avaient déja perdu 24 & 30% de leur consommation d’oxygéne et de leur capacité vitale 
Aprés l’intervention cette perte, par rapport A la concentration normale d’oxygene dé 
terminée, s’élevait pour atteindre 38% dans le groupe chez lequel le poumon droit était 
interessé et 47% quand le poumon gauche était atteint; en ce qui concerne la capacité 
vitale ces chiffres étaient 41 et 40% respectivement. Ainsi la plus grande partie du décré 
ment fonctionnel était dQ au processus pathologique. Aprés stabilisation postopératoire 
de la fonction pulmonaire, on estime que la réduction totale de la fonction pour le poumon 


affecté et opéré pourrait étre le tiers de sa valeur normale chez le malade en position couchée 
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INTRODUCTION 


The choice and design of operations involving the lungs, pleura, or chest wall 
are being made with increasing regard for maximal preservation of function. To 
evaluate results in this regard it has been customary to measure over-all function 
and individual lung performance before and at intervals after surgery. This 
approach has been rewarding. Late postoperative studies have demonstrated the 
ultimate loss of function and have suggested the probable limitation of activity 
which the patient is likely to encounter. However, most of the usual tests require 
maximal voluntary effort and must be performed two weeks or longer after opera- 
tion. Therefore, many evaluations of physiologic alterations during and shortly 
after operation have been confined to the study of gas exchange. 

The development of double-lumen catheters (1, 2) suitable for use as endo- 
tracheobronchial tubes during general anesthesia (3) has permitted a new ap- 
proach to the physiologic investigation of single-lung behavior during thoracic 


surgery. In the present report a technique of individual lung study is described 
and the ventilatory and respiratory changes of each lung during thoracic opera- 
tions are shown. Individual functional studies were obtained during more than 
200 major thoracic surgical procedures. The results of more than 1,000 broncho- 


spirometric tracings obtained during various phases of the operations will be 
presented 

Previously, studies of individual lung function have been confined to resting 
patients under topical anesthesia. Commonly used flexible double-lumen cath- 
eters for ventilatory measurements at rest have required fluoroscopic control 
for proper positioning. Their airways have offered so much resistance that they 
were not suitable for intubation during anesthesia. The catheter described by 
Carlens in 1949 (1) has a wider airway which offers less resistance to breathing 
(4). It is fitted with a rubber hook which engages the carina, and fluoroscopic 
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positioning is unnecessary. This unique hook, the larger lumina, and a curvature 
more suitable to the upper airways make the male Carlens catheter available for 
the administration of anesthetic agents in the operating room. The use of this 
catheter has been advocated for patients with copious secretions to avoid contam- 
ination of the previously uninvolved lung (5) and for open bronchial and tracheal 
surgery (6). 

The present writers have found this catheter to be of great value during tho- 
racic operations in selected cases. It facilitates controlled deflation of one lung, 
and the involved lung can be inflated without subjecting the uninvolved lung to 
positive pressure. Assisted ventilation is not dissipated to the lung in the open 
thorax and improved ventilation is achieved because dilution of gases by the 
nonfunctioning side is avoided. Bronchial aspiration of the operated lung is 
possible without disturbing the closed system of the uninvolved lung, even while 
assisted respiration is being maintained. In the lateral decubitus position, gravita- 
tion of secretions to the lower lung is prevented. An open bronchus does not 
affect the other lung and does not interfere with anesthesia. On the other hand, 
the meticulous care, trained personnel, and extra equipment necessary for its 
successful application should limit its use, even in thoracic procedures, to pa- 
tients with specific indications. The present communication deals with technique 
and with physiologic observations. 


MATERIALS AND METHODS 


Material for study: During a six-year period from 1950 to 1956 observations were made 
before, during, and after 200 major thoracic procedures. All patients were males between 
the ages of twenty and forty-five years with moderately or far advanced tuberculosis which 
was not always unilateral in distribution. Operations included pleuropneumonectomy, 
pneumonectomy, lobectomy, segmental and wedge resection, and decortication. Two forms 
of modified thoracoplasty were studied, and the effect of space-confining procedures after 
resection was observed. 

For the present study the results of the first 104 cases have been analyzed. The broncho 
spirograms were graded as to appearance and quality in a manner previously described 

7). Only tracings which were satisfactory in every way were used for comparative study 

Preoperative evaluation: Preliminary observations of vital capacity, maximal breathing 


capacity, exercise ventilation, and fluoroscopy were obtained in all patients. Bronchoscopy 


and bronchospirometry under topical anesthesia were performed from one to sixty days 
before operation in every instance. The technique of bronchospirometry for preoperative 
evaluation was the same as that presented previously (7) except that sedation and atropine 
were given in the same doses as for major operations. This was done to make these evalua 
tion tracings more comparable with spirograms obtained immediately before the operation 

All patients were studied in like manner after each surgical stage and again several 
months after completion of the surgical program. The late postoperative studies included 
bronchospirometry ; comparison of differential function immediately after operation with 
that some months later was thus possible 

Bronchospirometer: A recording twin spirometer is used in the operating room. An am 
bient air instrument is not necessary but low-resistance valves and light, well-balanced 
spirometer bells are desirable (8).* When explosive gas mixtures are used, an induction type 


of motor and a sparkproof switch should be used 


* Suitable twin spirometers are available from Warren E. Collins, Inc. ¢ 
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The Carlens catheter® has been described (1, 2). Introduction during general anesthesia 
is facilitated by a stylet. A slight downward pressure, assuring contact of the rubber hook 
with the carina, is maintained by a rubber headband of the type ordinarily used to assure 
airtight contact of a face mask. The ends of the headband are attached to two hooks on 
the catheter. These were originally removed from a mask and fixed to the proximal end of 
the catheter with tape. Downward pressure must be gentle to avoid injury to the pharynx 
and carina by the prolonged contact. All patients were bronchoscoped immediately after 
the surgery was completed. Slight redness was the maximal degree of reaction noted about 
the carina and this occurred in only a few instances 

Two-channel four-way valve: A special valve was designed for use in the operating room 
with three objectives :* to direct each airway from the catheter independently to room air 
for suctioning, to the bronchospirometer for recording, and to the anesthesia machine for 
administration of anesthetics and application of positive pressure; to add little dead space 
to the entire system; and to be so lightweight that the anesthetist can readily control the 
valve when the patient is in the supine position 

Two models of the valve are illustrated in figure 1. Each has two metal tube connectors 
at the bottom which fit the apertures of the bronchospirometric catheter. Switching of 
the airways from the spirometer to room air and to the anesthesia machine is accomplished 
by two rubber tubes encased by steel springs. The two movable ends slide in airtight fashion 
to the three alternative apertures at the top of the valve. The internal diameter of the rub 
ber tube is somewhat larger than that of the catheter channels so that no added resistance 
is introduced. The dead space of each channel of the valve is 3.5 cc. The instrument is made 
of aluminum and weighs only 210 gm. The valve is shown in use in figure 2 

Rubber Y-adaptor: An adaptor, suitable for the purpose, is commercially available 
This adaptor adds only 16 ec. to the combined dead space of the lungs and permits attach 
ment of the valve to the anesthesia machine (figure | 

Suction equipment \ plastic No 12 ureteral catheter is used for suctioning of the two 
bronchospirometric tube airways. This is 70 cm. long, with an internal diameter of 3 mm 
and is supplied by the manufacturer of the Carlens catheter 

Portable X-ray machine: An X-ray machine is available in the operating room. If the 
position of the catheter is in question after tracings have been obtained, which is unusual, 
a spot film of the upper chest may be taken to assure proper positioning (7). A spot film is 
always obtained at the end of the operative procedure 

Technique of intubation and conduct of anesthesia: Two methods for intubation have been 
used. With the first, the patient is anesthetized with a topical agent in a manner previously 
described, then intubated (7 bronchospirometry 1s completed and general anesthesia is 
administered thereafter. With the second method an inhalation anesthetic is used first to 
achieve a surgical plane, and intubation with the double-lumen catheter is accomplished by 
direct laryngoscopy 

Intubation under topical anesthesia: Premedication consists of 0.1 gm. of pentobarbital 
at bedtime and one hour before operation, and 0.4 mg. of atropine sulfate and 10 mg. of 
morphine sulfate one-half hour before operation. The airways are anesthetized with | per 
cent and 0.25 per cent tetracaine, as previously described (7). With the patient in the sit 
ting position, the catheter with the stylet is introduced through the vocal cords into the 
trachea. The stylet is removed and the silk tie, holding the carinal hock to the body of the 
tube, is released. The catheter is then advanced until the hook is felt to engage the carina 

1, 7), the patient is placed in the supine position, the catheter’s balloons are inflated, and a 
rubber headband is attached to two lateral hooks at the proximal end of the tube to main 
tain proper plac ement. The double four-way valve is fitted to the bronchospirometric cathe 


Available from A. B. Stille-Werner, Stockholm, Sweden 
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Rutland Heights, Massachusetts 
Available from the Ohio Chemical & Surgical Equipment Co., Madison 10, Wisconsin 
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ter and the distal apertures of the valve are attached to the anesthesia machine with the 
Y-adaptor and to the bronchospirometer with the plastic adaptors (figure 2). With the pa 
tient still under topical anesthesia, two bronchospirographic tracings of three to five min- 
utes’ duration and several vital capacity efforts are recorded for comparison with earlier 
results and to ascertain proper positioning of the tube. Experiences in this laboratory sug 


Fic. 1. Two types of three-way valves are illustrated. Connections are for the Carlens 
catheter, bronchospirometry machine, and adaptor, also illustrated, to the anesthesia 
machine. The adaptor includes a takeoff for gas sampling 


Fig. 2. The equipment for operating room use with the Carlens catheter in place. The 
adaptors for the valve, anesthesia machine, and twin spirometer are illustrated. The bron 
chospirogram demonstrates the ease with which any slight leak may be observed 
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gest that the Carlens catheter should not be used as an endotracheobronchial tube unless proper 
positioning can be checked either by bronchospirometry or by spot films of the trachea. 

The patient is then anesthetized with 2.5 per cent thiopental intravenously, followed by 
supplementary general anesthesia. Bronchospirometric recording can be continued during 
the intravenous medication period without delaying induction. By moving the valve levers 
the patient is placed on inhalation anesthesia and another short tracing is obtained in the 
supine position (figure 2) when surgical anesthesia has been attained. 

The usual braces are placed for support and, while the skin is prepared and draped, a 
tracing is obtained in the lateral decubitus position. It should be emphasized that the total 
time under general anesthesia should not be prolonged by these studies. 

During the operation, suction can be applied to one lung selectively or to both lungs 
whenever necessary by turning the double four-way valve to the middle position. If there 
are copious secretions, closed-system anesthesia is usually maintained with the uninvolved 
lung, and continuous suction is applied to the operated lung. Respiratory efforts are usu 
ally augmented by intermittent positive-pressure breathing. At suitable intervals, usually 
when one aspect of the operation has been completed, both lungs are switched to suction 
and then to the bronchospirometer. If the operation is intrapleural, the operated lung or 
its remaining portions are inflated at the end of the procedure and drainage tubes are 
placed. A final tracing with both lungs inflated is obtained in the lateral position during 
skin closure, with drainage tubes clamped. Valuable information concerning proper infla- 
tion can thus be obtained after the wound has been made airtight. After the dressing, the 
patient is turned on his back and a final bronchospirogram is recorded. The last tracing 
in the lateral position is obtained without the dressing and the last tracing in the supine 
position with the dressing. This may introduce a variable in patients in whom large portions 
of the chest wall were decostalized: the dressing might lend stability to the hemithorax and 
prevent excessive paradoxical motion of the chest wall. It undoubtedly does splint the 
hemithorax after any procedure. 

A spot roentgenogram is obtained and airways are freed of secretions before and again 
after removal of the tube 

Intubation under general anesthesia: Premedication is the same. A surgical plane of anes- 
thesia is reached by intravenous thiopental and nitrous oxide muscle-relaxant or by nitrous 
oxide-oxygen-ether alone. When relaxation has been obtained, a straight stylet is placed 
through the left lumen of the Carlens catheter to eliminate its curvatures. The hook is 
compressed on the catheter with a slip knot and the catheter is introduced with an open- 
blade laryngoscope. The stylet is withdrawn and the carinal hook is freed in the trachea. 
The catheter is advanced until engagement with the carina is assured, the balloons are in- 
flated, and the rubber headband is placed. Faulty placement or air leaks can be detected 
immediately from the tracing or by comparison of the bronchospirogram with tracings ob- 
tained some time before operation. A spot film may be obtained if the position of the cath- 
eter is in doubt. The importance of checking proper position cannot be overemphasized. 
In spite of the distal curvature of the catheter and in spite of the carinal hook, the tip 
entered the right instead of the left main bronchus on five of two hundred trials. When this 
occurs, the entire airway of the left lung and the right upper lobe may be occluded. After 
assuring proper positioning of the catheter, the patient is turned to the required lateral 
position and the procedure continues as previously described 


RESULTS 


More than 1,000 individual bronchospirograms were obtained and for each 
the percentage oxygen uptake, percentage ventilation, and ventilation equivalent 
were calculated. Differential vital capacity was measured from all tracings re- 
corded under topical anesthesia. In addition, the total tidal volume and minute 
ventilation were recorded during various phases of the operations. These latter 
data are of considerable interest because they present objective evidence con- 
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cerning the adequacy of ventilation during induction of general anesthesia, 
during open chest surgery of all types in the lateral decubitus position, and 
during recovery from operation. However, limitations of space prevent tabula- 
tion of these values and presentation of results and discussion will be confined 
to differential function with emphasis on observed changes. 


Accuracy of the Method 


Because all patients were studied by bronchospirometry on the first two occa- 
sions without any intervening clinical change, it was possible to ascertain the 
accuracy of bronchospirometry itself by comparison of duplicate determinations. 
Not all cases were suitable for this analysis. On a number of occasions either the 
early preoperative study under topical anesthesia or the immediate preoperative 
bronchospirogram under topical or general anesthesia was not technically perfect. 
Only those tracings which were considered ‘“‘excellent”’ or ‘“‘good” (7) were used 
for comparison. Also, on a few occasions the clinical picture had changed some- 
what between observations, and these cases were eliminated. 

Two variables were considered: the time interval between observations and 
the type of catheter used during the two procedures. On sixty occasions the two 
studies were made less than twenty-one days apart and on eight occasions the 
interval was more than thirty and up to one hundred and sixty-eight days. Oxy- 
gen uptake was the same in respective lungs on nine occasions. There was a 10 per 
cent difference on two occasions (figure 3). The average difference between the 
two determinations was 4 per cent, the identical difference which had been found 
previously on comparison of duplicate bronchospirograms obtained consecutively 
under topical anesthesia (7). Again in accord with previous experiences, ventila- 
tion was more variable. A few entirely satisfactory tracings differed from each 
other by as much as 20 per cent and the mean difference of calculated contribu- 
tion to ventilation under general and under topical anesthesia was 7 per cent 
(figure 3). Analysis of the differences revealed no trend as far as type of anesthesia 
was concerned. The same number of patients showed slightly larger and slightly 
smaller ventilation on the involved side when results under general anesthesia 
were compared with bronchospirograms obtained while patients were conscious. 

The time interval was not a factor in duplication of results. Close checks and 
the greatest differences were evenly distributed throughout the time interval 
range (figure 3). A slight degree of negative correlation would have been evident 
between the time interval between determinations and closeness of check if 
a few patients had been included in whom a change in the clinical picture had 
occurred between examinations. 

There was a significant difference in duplication of results when the Carlens 
catheter was used on both occasions (twenty-four times) and when the Gebauer 
tube was used under topical anesthesia and the Carlens tube under general 
anesthesia (forty-four times) (figure 3). In most instances the oxygen uptake and, 
even more, the ventilation were relatively greater on the affected side when the 
Gebauer tube was used. This tends to confirm the thesis, previously advanced 
on theoretical grounds (4), that bilateral resistance breathing tends to favor the 


736 WATSON, TYSON, HELLER, CINCOTTI, AND GAENSLER 


- OXYGEN UPTAKE 
10 oc © 
° 000 
6 ° ° ° 
eo ° 
4 ee ° 
ee ° 
2 ° 
= 
& 
VENTILATION 
20+ 
18} 
> 16+ ° 
14 
12 co ° 
w ° 
> 
@00 
6} ° ° 
woe 
eee ° ° ° ° ° 
ee ° ° 
2+ eee ° 
2 3 4 5 6 7-14 15-2! Over 30 Mean 
DAYS BETWEEN TWO DETERMINATIONS 
© Gedewer Tube (Toptce!) Tube (Genere! Anesthena) @ Certens Tube, Both Occasions 


Fic. 3. The individual and mean differences in oxygen uptake and ventilation during 
bronchospirometry under topical anesthesia compared with the results with the patient 


under general anesthesia 


lung with lesser function. When the Carlens catheter was used on both occasions, 
most procedures were carried out in duplicate on the same day while at least one 
day elapsed between studies when two different catheters were used. This was 
probably the most important factor in the closer checks when the same catheter 


was used on both occasions (figure 3). 


Differential Function in the Supine and in the Lateral Decubitus Position 


In all patients tracings were obtained under general anesthesia before opera- 
tion, first in the supine position and again after turning to the lateral decubitus 
with the involved lung uppermost. On seventy-six occasions both bronchospiro- 
grams were of sufficient duration and of good enough quality to permit compari- 
son of differentia] function in these two positions. 

Forty-seven times the lung to be operated upon was on the right side. The 
percentage of oxygen uptake with the patient on his back and again with the 
right lung up are shown for each case in figure 4. In general there was a marked 
decrease in the contribution to oxygen uptake as the lung was turned to the 
upper position, accompanied by a corresponding increase on the dependent side. 
The average shift of the total oxygen uptake to the dependent side amounted 
to 8.1 per cent of the total. On eleven occasions the change was within the error 
of the method and only six times was there a slight increase in oxygen uptake 
on the upper side 
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Fig. 4. Showing the change in oxygen uptake of the involved lung on moving the pa 
tient from the supine to the lateral decubitus position with the involved lung up. Forty-six 
cases with the right lung involved and 29 cases with the left lung involved are illustrated 
In general, the change would appear to be more pronounced with the right lung involved 


With the left lung involved, oxygen uptake in the lung on the upper side de- 
creased on turning the patient in eighteen of twenty-nine occasions (figure 4). 
Four showed a significant increase. In general the shift was much less marked 
than with right lung involvement. 

The shift appeared to be more pronounced when initial functional contribu- 
tion of the two lungs was fairly equal, and almost no change occurred when the 
lung, placed in the upper position, was almost devoid of function. In figure 5 
the cases were arranged according to the initial contribution to oxygen uptake 
of the involved lung. In 30 patients in whom the lung to be operated upon was 
initially responsible for more than 40 per cent of the total, there was a consistent 
change on turning the patient, with an average shift of 10 per cent. No significant 
change was observed when the functional participation was less than 25 per cent 
of the total before turning the patient. 

The increased proportion of oxygen uptake accounted for by the lung in the 
lower position of the lateral decubitus is apparently due to shunting of blood 
from the upper lung to the lower, favored by gravity and a lesser pressure 
head. Similar changes have been observed under topical anesthesia when pa- 
tients were turned from the supine to the lateral position. Relatively normal 


initial functional distribution permits greater flexibility for this shift to occur and, 
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Fic. 5. The change in oxygen uptake on moving the involved lung to the “‘up”’ lateral 
decubitus position with particular reference to the percentage of initial participation by 
the involved lung. If initial participation is high, the change is much greater 


if the pulmonary vascular bed is greatly diminished due to disease, little blood 
flow will be available for this shunting when the patient is turned. Significant 
shunting to the lower lung has been regarded as a sign of adequate functional 
capacity and the data in figure 5 tend to support this assumption. 

There is usually greater participation in the total share of the ventilatory work 
by the dependent lung. This occurred to a significant degree if initial ventilatory 
activity by the two lungs was fairly equal and the effect was much more pro- 
nounced when the right lung was made dependent (figure 5). In a number of 
cases the share of the total ventilation carried on by the right lung, when placed 
in the dependent position, was nearly doubled; and in those patients in whom 
the left lung was responsible for more than 40 per cent of the total ventilation 
in the supine position, the average participation was decreased from 52 per cent 
of the total to only 30 per cent (figure 5). 

From roentgenograms obtained with patients in the lateral position on maximal 
inspiration, midposition, and maximal expiration, one may observe frequently 
that the excursion of the “down” diaphragm is much greater than that of the 
“up” diaphragm, the mediastinum shifts downwards, and the under rib cage is 
more compressed with narrower interspaces. The apparent volume change—and 
therefore the ventilation—of the “down” lung thus increases more than that of 
the “up” lung, which may maintain a relatively slight change in volume and 
ventilation. 

An increase in the share of total ventilation (and total vital capacity) assumed 
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by the dependent lung has been observed occasionally during bronchospirometry 
under topical anesthesia and was a more variable finding in the present series 
than the increase in the share of oxygen uptake. 

The change in total ventilation varied greatly from patient to patient when 
turned to the lateral position. In some, apparently those in a light plane, the 
turning maneuver acted as a stimulus and minute ventilation increased tem- 
porarily by two and even three liters. In others, apparently those under deep 
anesthesia, the mechanics of breathing were somewhat impaired and minute 
ventilation decreased slightly. It could not be said whether the respiratory system 
was made more efficient by shunting more blood to the better lung. In the rela- 
tively well patient, when this shunt occurred, the ventilatory equivalent in- 
creased more often than not; and in the severely ill, when increased blood supply 
to the better lung should have resulted in more efficient respiration, this shunting 
did not occur (figures 4 and 5). 


Observations During Lobectomy 


The percentage loss in oxygen uptake and ventilation of the operated lung 
may be followed readily and directly during surgery. Excerpts from three stages 
of a single right upper lobectomy are shown in figure 6, with preoperative (A) 
and postoperative (C’) tracings taken in the supine position under general anes- 
thesia. Tracing B illustrates the effect of incision of the pleura. The right lung 
collapsed, the mediastinum dropped, recorded ventilation ceased, and a period 


FUNCTIONAL DISTRIBUTION DURING LOBECTOMY 


Oxygen Upt. 45 % 43% 

Ventilation 56 % 51 % 
Per cent Function, involved (right) Side 


Fic. 6. Excerpts from the bronchospirograms recorded during general anesthesia in a 
single case of right upper lobectomy. B (arrow) illustrates the pleural incision with lung 
collapse and mediastinal shift. The brief period of reflex apnea is also shown 


Preop. Pleura opened Postop. 
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FUNCTIONAL DISTRIBUTION AFTER SUBTOTAL RESECTION 
End-operative Result, Lobes Clinically Expanded 


Rt Upper Lbct} Rt Upper Lbct. |Rt Upper Lbct 


Lt Upper Lbct 


Oxygen Upt 0% 20% 37% 0% 
Ventilation 23% 25% 
% Function of Remaining Lobe(s) 


Fic. 7 Excerpts from the end operative bronchospirograms recorded under general 
unesthesia in 4 cases of lobectomy are illustrated. In all cases the remaining lobes were 


thought to be well expanded and functioning. The marked variation in final result is shown 


of forty-two seconds of apnea followed. From this point until the thorax was 
again closed and the remaining lobes re-expanded, bronchospirometric inter- 
pretation in terms of percentages was not possible due to volume changes of 
the lungs. The reflex period of apnea is interesting and would most probably 
pass unnoticed if not recorded. It is noteworthy that the right upper lobectomy 
caused a shift of only minus 2 per cent in oxygen uptake and minus 5 per cent 
in ventilation from the operated side. 

Depending on the technical surgery and other factors, only minimal loss of 
oxygen uptake and ventilation of the operated lung may occur during surgery 
with the maximal loss obtaining in the postoperative days to follow. This is in 
contradistinction to many current beliefs. 

Most valuable from the clinical standpoint is the end operative tracing taken 
on the operating table with the patient in the supine position. This result in 4 
separate cases of lobectomy is illustrated (figure 7). In each case the surgeon 
believed the remaining lobes to be well inflated and functioning, based on his 
observation before thoracic closure and continued positive-pressure anesthesia 
until the thorax was airtight. The variability of the results may be noted. Tracing 
A shows no oxygen uptake of the left lower lobe. Tracing D demonstrates com- 
plete absence of oxygen uptake or ventilation of the remaining right middle and 
lower lobes as the result of collapse following pleural closure. Only by end opera- 
tive bronchospirometry may this information be obtained. 

Ordinarily, patients might have been returned to the recovery room and the 
defect not discovered until then. As it was, the chest drainage underwater seal 
tubes were reopened (following the tracing) and the anesthetist was asked to 
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REEXPANSION AFTER RIGHT LOWER LOBECTOMY 
Underwater Seal & Positive Pressure 


Oxygen Uptake 29% 27% 65 % 

Ventilation 7% 23% 45 % 

Ventil. Equivalent 1.2 2.8 5.8 
Function of Remaining Lobes (RU. & RM) 


Fic. 8. Re-expansion of the right upper and middle lobes after collapse during chest 
closure. The marked shift of function is shown. The bronchospirograms were recorded at 
short intervals with the underwater drainage tube closed to prevent volume change of the 


remaining lobes during recording 


CONSECUTIVE BRONCHOSPIROME TRIES 
PARTIAL RESECTION 


UPTAKE, INVOLVED LUNG 


OXYGEN 
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1-30 Days immed. immed 1-3 Months 1-30 Days immed immed 1-3 Months 
Preoc Preop Postoo Postop Preop Preop Postop Postop 


Fic. 9. The total gain or loss of oxygen of the involved lung is shown from one to thirty 
days preoperatively, during surgery, and from one to three months postoperatively. The 


results of subcostal plombage (average six ribs) and partial resection are contrasted 
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apply positive pressure to the “up” lung following bronchial aspiration. Good 
re-expansion and return of function are illustrated (figure 8). 

The variability of loss in oxygen uptake of the involved lung during partial 
resection is illustrated in figure 9. The results of consecutive bronchospi- 
rometries in 23 cases are presented from one to thirty days preoperatively, im- 
mediately preoperatively, immediately postoperatively, and one to three 
months postoperatively. It may be seen that the mean preoperative change 
in per cent of oxygen uptake is slight, as previously noted. The total loss during 
surgery of oxygen uptake may vary from 3 to 100 per cent, subject chiefly to 
the technical factors involved and the extent of the disease. An occasional pa- 
tient may even show a gain in oxygen uptake. Mean loss was 20 per cent. 

Although the postoperative gain was striking in numerous cases, this was not 
always so, some patients showing a continued loss. The mean postoperative gain, 
from one to three months postoperatively, was 6 per cent. 


Subcostal Plombage Thoracoplasty 


The subcostal plombage thoracoplasties were performed with the use of 
plastic spheres. An average of six ribs was stripped. The loss in oxygen uptake 
is compared with that of partial resection in figure 9. Twenty-three case results 
are illustrated. The mean oxygen uptake preoperatively again showed no appre- 
ciable change. During surgery total loss was less than that of the partial resections 
with a mean value of 14 per cent. Postoperative gain proved to be 6 per cent, 


with variations up to 31 per cent. 
Discussion 


The use of the Carlens catheter as a substitute for the ordinary endotracheal 
tube during general anesthesia has, from the viewpoint of the anesthesiologist, 
frequently provoked discussion. The present writers believe that its use is in- 
dicated only in certain selected thoracic surgical cases for the technical purposes 
previously outlined when equipment and trained personnel are available. There 
can be no doubt, however, that for the study of individual lung function during 
thoracic surgery it is an invaluable aid. 

To pass the catheter readily into the trachea it should be used with an enclosed 
stylet. With topical anesthesia and the patient in a sitting position, the stylet 
reduces the double curve of the Carlens to a single smooth curve which follows 
the lines of the posterior pharynx and base of the tongue with ease. Excellent 


topical anesthesia is a necessity. Induction is smooth and rapid and the method 


is quite suitable for the debilitated patient. 

With the patient under general anesthesia, the stylet is again useful 
to straighten both curves of the Carlens catheter until tracheal introduction 
has been accomplished. 

All patients in the present series were bronchoscoped immediately after the 
surgery was completed. On several occasions slight redness of the carina was 
noted, but there was no other evidence of tracheobronchial damage by the tube 


or by the balloons. 
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SUMMARY 


A method for the study of individual lung function during thoracic surgical 
procedures, utilizing a double-lumen endotracheal bronchial tube, has been pre- 
sented. The advantages of its use in selected cases have been discussed. 

The accuracy of duplicate bronchospirometries has been checked. An average 


shift of 4 per cent in oxygen uptake of the individual lung and 7 per cent of 


ventilation was found. There was usually greater participation in the total share 
of the ventilatory work and oxygen uptake by the dependent lung in the lateral 
decubitus position. 

Total oxygen uptake loss during surgery for subcostal plombage thoracoplasty 
and partial resection has been discussed. 


SUMARIO 
Broncoespirometria: VIII. La Funcién Diferencial Durante la Cirugia Tordcica 


Preséntase un método que utiliza una sonda bronquio-endotraqueal de doble via para el 
estudio de la funcién pulmonar individual durante los procedimientos de cirugia toracica 

Se discuten las ventajas del empleo del mismo en casos seleccionados 

Se ha comprobado la exactitud de las broncoespirometrias en duplicado. Se encontré 
una desviacién media de 4 por ciento en la absorcién de oxigeno en el pulmén dado y de 7 
por ciento en la ventilacién 

Hubo por lo general mayor participacién en la labor ventiladora total y la toma de 
oxigeno por la porcién baja del pulmén en la posicién de dectbito lateral 

Se discute la pérdida de la toma total de oxigeno durante la cirugia para toracoplastia 
de plumbaje subcostal 


RESUME 
Bron hosp rométrie: VIII. Fonction di ff rentielle au cours de la chirurgie thorac ique 


Présentation d’une méthode pour |’étude de la fonction individuelle d’un poumon au cours 
des interventions chirurgicales thoraciques, A l'aide d’un tube endotrachéal bronchique 
& double lumiére 

Les avantages de son emploi dans des cas sélectionnés sont commentés 

L’exactitude des bronchospirométries doubles a été vérifiée. Une variation moyenne de 
4 pour 100 dans l’absorption de l’oxygéne pour chaque poumon, et de 7 pour 100 pour la 
ventilation, a été enregistrée 

En décubitus latéral, le poumon le plus bas prenait habituellement une plus grande part 
& la fonction de ventilation et d’oxygénation que l'autre 

La réduction de l’absorption totale d’oxygéne au cours de la chirurgie pour thoracoplas 

» par plombage sous-costal et résection partielle est commentée 
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SIGNIFICANCE OF THE TERMINAL RISE IN THE SINGLE-BREATH 
OXYGEN TEST':? 
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Received for publication May 22, 1956) 


INTRODUCTION 


Uneven pulmonary ventilation has been the subject of a number of studies in 
recent years. Interest in this aspect of abnormal ventilation was stimulated by 
the development of rapid, continuous gas analyzers (1-4). In 1951, Comroe and 
Fowler described the single-breath oxygen test (5), in which the nitrogen meter 
is used to obtain the expiratory nitrogen curve after a full breath of oxygen. 
The expiratory volume curve is more conveniently provided by a respirometer 
fitted with a potentiometer (6) than by the pneumotachygraph. 

This modified test has been performed on more than 500 patients in this 
laboratory. The present writers agree with Comroe and Fowler that it is useful 
in screening patients to detect uneven gas distribution. Normal values are below 
2 per cent. The test is simple, easy to perform, and requires little patient co- 


operation. It is highly reproducible in normal patients instructed to expire, take 


a deep breath of oxygen, and breath out slowly. While critically reviewing the 
tests, the writers were impressed by the frequency with which a terminal rise 
on the alveolar N, curve appeared. In figure 1 such a terminal rise is illustrated. 
Fowler measured the terminal rise in a group of normal and abnormal patients 
and reported his findings in 1949 (7). He concluded that the increasing alve- 
olar nitrogen concentration late in expiration indicates that inspired oxygen is 
not evenly distributed throughout the residual gas and also that the relatively 
poorly ventilated areas of the lung empty proportionately more in late expir- 
ation. It is the purpose of this paper to investigate the clinical significance of this 
phenomenon. 


Expe rimentai 


\ model lung preparation was developed to simulate the events which occur in the 
single-breath test. In figure 2 respirometer L is shown on the left representing the lung 
It was partially filled with 1,500 cc. of room air so that it might be equivalent to residual 
air. A second respirometer R was filled with 5,000 cc. of oxygen. It was fitted with a poten 
tiometer for recording expiratory volume. The tubing between the two respirometers 
represents the airway into which two needles were inserted: the one on the right for con 
tinuous nitrogen sampling; the one on the left for injecting room air into the system to 
simulate the late emptying of poorly ventilated spaces. The 150 cc. of air in the tubing 
between the needles represents a volume equivalent to a patient’s dead space. The oxygen 
was withdrawn from spirometer R into the “lung” spirometer and, after a brief moment 
for mixing, was forced back into respirometer R. During the emptying of the last 500 c: 
From the Veterans Administration Hospital, Madison, Wisconsin 
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Fig. 1. Single-breath test illustrating terminal rise. J. E. S., aged thirty-eight years, with 
apical blebs and small cavity 


N2 


RECORDER 


Fic. 2. Diagram of apparatus for experimental single-breath test 


room air was injected into the rubber tubing connecting the two spirometers. In figure 3 
the effect on the terminal rise caused by the injection of small increments of 80 per cent 
nitrogen is shown schematically. It is significant that these small amounts of nitrogen do 
not have time to completely diffuse within the expiratory airway but remain sufficiently 
en bloc on arrival at the nitrogen meter intake to register a definite rise in concentration. 

This phenomenon was further investigated in a patient with a bronchopleural cutaneous 
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fistula resulting from a complicated right upper lobectomy. A recent unroofing operation 
made it possible to place a half-inch tube with a balloon cuff into the right upper lobe 
bronchus after applying local anesthesia with a cotton swab. The alveolar N: curve 
obtained with the tube closed may be seen in figure 4. Figure 5 is the curve showing the 
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Fig. 3. Schematic representation of three tests showing terminal rise after injection of 
5 ce., 20 ec., and 60 cc. of room air into the experimental model (figure 2). 
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Fic. 4. Single-breath test. G.S., aged twenty-nine years, with bronchopleural cutaneous 
fistula. The tube in the right upper lobe bronchus closed. 
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Fia. 5. Single-breath test. G. 8., aged twenty-nine years, with bronchopleural cutaneous 
fistula. Fifteen cubic centimeters of room air were injected into the tube near the end of 


expiration 


terminal rise produced by the injection of 15 cc. of room air into the bronchus toward the 
end of the patient’s expiratory effort 

Those preliminary tests appear to indicate that the terminal rise on the alveolar N, 
curve may be related to the patient’s terminal expiratory effort, emptying areas 
which are poorly ventilated by the single breath of oxygen 


Clinical Material 


The significance of the clinical occurrence of the terminal rise was then studied in 200 
consecutive patients referred to this laboratory for functional tests Most of these patients 
had pulmonary tuberculosis which in 52 per cent was far advanced. The average age was 
$2.5 years, with a range of 18 to 70 years. The patients were carefully appraised by postero 
anterior and lateral roentgenograms, many having had planigrams and bronchograms 
Sixty-seven per cent of the patients underwent pulmonary resection. This allowed con 
firmation of the type of disease present. Postoperative single-breath tests were performed 
on the patients available four to six months after surgery 


RESULTS 


The values for the rise in nitrogen in the terminal 500 cc. of the alveolar curve 


from 200 patients are given in figure 6. Each point in the figure represents the 


value in per cent observed for a single patient. The range is from 18 to —3.5 
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Fic. 6. Rise in nitrogen in terminal 500 ec. of alveolar nitrogen curve 


per cent with a mean value of 6.8 per cent. This is well above the mean of 2.4 
per cent for 20 patients with normal lung function shown in the broken-line rec- 
tangle. 

rhe importance of emphysema was appraised by dividing the group into those 
with and those without emphysema, using a battery of functional tests, as pre- 
viously described (8). The results of examination of the resected lungs were also 
used when applicable. As is shown in figure 7, there were 84 patients in the 
nonemphysematous group and 116 patients with emphysema. It will be noted 
that the terminal nitrogen values tended to be higher in the latter group, with 
a mean of 8 per cent, compared with 4.7 per cent in the patients without significant 
emphysema. Seeking an explanation for some of the high terminal values in the 
nonemphysematous group prompted a further subdivision to determine whether 
or not the type of disease present might affect the terminal rise of the nitrogen 
curve 

The patients were classified into two groups: patients with nodular disease 
with or without small cavities (circles); and patients with the added findings of 
air-containing lesions (triangles), such as focal blebs, bronchiectasis, and cavities 
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larger than 2 cm. in diameter. Analysis showed that the values for focal blebs, 


bronchiectasis, and large cavities were similar in the scattergram, so they are 
treated here as one group, namely, open lesions. The circles representing nodu- 
lar disease in the nonemphysematous patients tended to cluster in the lower 
portion below the mean value. Those with air-containing lesions had generally 
higher values. It is difficult to make any generalization in the emphysematous 
group, owing to the overwhelming influence of this disease state. To borrow an 
isotopic analogy, “‘the background noise”’ is too great to detect small differences. 

If the terminal rise may, indeed, be attributed to air-containing lesions, surgical 
removal of these lesions in the nonemphysematous group should lower the ter- 
minal rise of the alveolar nitrogen curve. 
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Forty nonemphysematous patients were subjected to segmental resections or 
lobectomies. Six had bilateral operations. The changes in the terminal rise of the 
alveolar nitrogen curves before and after pulmonary resection are shown in 
figure 8. The nonemphysematous patients are divided again into two groups, 
those with lesions predominantly closed in type, which represent controls, and 
those with air-containing lesions. The patients with nodular disease showed a 
low value for the terminal rise and, following resection, there was a tendency 
to slightly decrease the value in only 3 of the 15 patients. In the patients with 
blebs, large cavities, and bronchiectasis, 16 of the 25 patients had lower values 
after surgical removal of their lesions. 

The patients with the highest values before surgery tended to have the great- 
est fall toward normal. The line rising from 10 to 11 per cent represents the 
results from a patient with borderline function tests and evidence of some mild 
emphysema on pathologic examination. When followed for a few years, this 
patient may well prove to belong in the emphysematous group. The next highest 
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Fig. 9. Percentage of nonemphysematous patients with change in terminal rise following 


Decrease 


pulmonary resection 


rising line (figure 8) (7.5 to 9 per cent) is from a patient who underwent right 
upper lobectomy with thoracoplasty and segmental resection on the left. 

The mean change following pulmonary resection in the closed lesions is plus 
0.6 per cent; in the open lesions, —1.5 per cent. The percentage of patients in 
whom changes in the terminal concentration of nitrogen took place following 
pulmonary resection is illustrated in figure 9. A striking difference in the two 
groups is noted, 64 per cent of the open-lesion cases registered a decrease in 
nitrogen values. A chi-square comparison of the two groups reveals a significant 
difference at 0.05 confidence level. 


Disct SSION 


The slight rise (less than 5 per cent) in the nitrogen curve from the beginning 
to the end of the alveolar plateau is due to nonuniform ventilation in the normal 
lung. Various factors may influence the distribution of gas on inspiration such as: 


(1) Stratification of the inspired dead-space air followed by air of normal com 
position; (2) variation in air volume changes in different parts of the lung; (3) sequen 
tial ventilation resulting in preferential distribution of the dead space gas to those 
regions which fill first; (4) serial inequality when the inspired gas passes through a 
proximal mixing space into a distal mixing chamber (9). During expiration uneven 
ness of the plateau is due to unequal flow from different parts of the lung, resulting 
in rapid and slow washout components. The present data support this concept 
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A rise in the terminal portion of the alveolar plateau can be produced in pa- 
tients with normal lungs by a number of variables, as shown by Fowler, such 
as incomplete filling of the lung with oxygen and rapid, forced end expiration. 
In patients with abnormal lungs, the late emptying of poorly ventilated space 
is responsible for large changes provided there are gross air-containing lesions 
communicating with bronchi. Removal of the areas with the open lesions causes 
a return toward normal levels in nonemphysematous patients. This decrease in 
the terminal rise is not due to a change in the level of nitrogen concentration of 
the alveolar plateau. 

Tuberculosis is notorious for the complexity of the lesions it is capable of pro- 
ducing in the lungs. Infiltration and fibrocaseous disease is frequently associated 
with open lesions such as blebs, bronchiectasis, and cavities. The importance of 
open lesions, whether bacteriologically positive or negative, has recently been 
stressed by Raleigh, who found the relapse rate much higher in this type of 
disease when not resected (10). 

The routine postero-anterior roentgenograms may show blebs, bullae, and 
cavities, but do not indicate whether or not these lesions communicate at the 
time with the bronchi. Only occasionally will planigraphy and bronchography 
demonstrate communication between bronchi and air-containing lesions. That 
there is such a wide range in terminal rise as may be seen in figure 8 is not sur- 
prising because there are blebs, bullae, and cavities which may or may not be 
in direct communication with the bronchi at the time the single-breath test is 
performed. DuBois and his co-workers have recently shown by an accurate 
plethysmographic method that a considerable volume of nonventilated gas may 
exist in diseased lungs, especially in emphysematous patients with bullae (11, 12 

It must be emphasized that pulmonary function tests do not usually permit 
conclusions to be drawn in regard to specific pathologic conditions. Neverthe- 
less, in the absence of demonstrable emphysema, a terminal rise on the alveolar 
nitrogen curve greater than 4.5 per cent should alert the observer to the possi- 


bility of the presence of open lesions. 
SUMMARY 


The single-breath oxygen test was performed on more than 500 tuberculous 
patients and was found useful in detecting uneven gas distribution. 

The phenomenon of a terminal rise on the alveolar nitrogen curve has been 
analyzed by a model lung preparation and in a patient with bronchopleural 
cutaneous fistula. These tests showed that a terminal rise can be produced by 
injecting a small amount of room air (80 per cent N.) near the end of expiration. 

The postulate that the terminal rise clinically may be due to the late empty- 
ing of spaces poorly ventilated by the single breath of oxygen was examined in 
200 tuberculous patients with closed and open lesions. The nonemphysematous 


patients with focal blebs, bronchiectasis, and large cavities tended to have higher 


values for the terminal nitrogen concentration than the patients with nodular 
disease. 

Forty nonemphysematous tuberculous patients were subjected to pulmonary 
resection of their lesions. The terminal rise in the alveolar N- curve tended to 
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fall toward normal in the majority of the patients in whom the open lesions were 
removed. 

It is recommended that calculation of the terminal rise of nitrogen be deter- 
mined and recorded in the single-breath test. It is of particular value in detect- 
ing open lesions in nonemphysematous patients. 


SUMARIO 


Significacién de la Elevacién Terminal en la Prueba de Una Sola Aspiracién de Origeno 

La prueba de una sola aspiracién de oxigeno fué ejecutada en més de 500 tuberculosos, 
habiendo resultado dtil para el descubrimiento de una distribucién desigual de gas. 

El fenédmeno de una elevacién terminal en la curva del nitrégeno alveolar fué analizado 
con una preparacién pulmonar modelo y en un enfermo de fistula cutaénea broncopleural. 
Estos ensayos mostraron que puede producirse una elevacién terminal inyectando una 
pequefia cantidad de aire ambiente (80 por ciento de N;) cerca del final de la espiracién. El 
postulado de que la elevacién terminal puede deberse clinicamente al vaciamiento tardio de 
los espacios mal ventilados por una sola aspiracién de oxigeno fué estudiado en 200 tuber- 
culosos con lesiones cerradas y abiertas. Los sujetos no enfisematosos con flictenas focales, 
bronquiectasia y cavernas grandes tendieron a mostrar valores més altos para la concentra 
cién terminal de nitrégeno que los sujetos con afeccién nodular 

Cuarenta tuberculosos sin enfisema fueron sometidos a la reseccién pulmonar de sus 
lesiones. La elevacién terminal de la curva de N; alveolar tendié a bajar hacia lo normal en 
la mayoria de los enfermos cuyas lesiones abiertas fueron extirpadas. 

Recomiéndase que se determine y registre la elevacién terminal del nitrégeno con la 
prueba de una sola aspiracién, siendo de valor particular para el descubrimiento de lesiones 


abiertas en enfermos sin enfisema 


RESUME 


Signification de U'élévation te minale dana 


e test de UVorygene “single breath”’ 

Le test de l’oxygene comportant un seul mouvement respiratoire (single breath) a été 
pratiqué chez plus de 500 tuberculeux et a permis de découvrir l’inégalité de la répartition 
des gaz 

Le phénoméne de |’élévation terminale visible sur la courbe de l’azote alvéolaire a été 
analysé A l’aide du poumon artificiel et chez un malade atteint de fistule cutanée bron 
chopleurale. Ces tests montraient qu’une élévation terminale pouvait étre produite par 
l’injection d’une petite quantité d’air atmosphérique (80% Az:) vers la fin de l’expiration 
En clinique, la vérification de ’hypothése d’une élévation, due au vidage tardif d’espaces 
pulmonaires mal ventilés, A l'aide d’une inspiration unique d’oxygéne, fut entreprise dans 
200 cas de tuberculose pulmonaire avec lésions fermées ou ouvertes Les malades non 
emphysémateux porteurs de lésions telles que foyers bulleux, bronchectasie ou larges ca 
vernes avaient tendance A présenter une concentration terminale de l’azote plus élevée 
que celle des malades atteints de tuberculose de type nodulaire 

Quarante malades non-emphysémateux ont été soumis A la résection de leurs lésions 
pulmonaires. L’élévation terminale de la courbe de Az, alvéolaire tendait A reprendre son 
niveau normal chez la majorité des malades ayant subi la résection de lésions ouvertes 

Les auteurs préconisent de procéder a |l’évaluation et a l’enregistrement de |’élévation 
terminale de l’azote dans le test “‘single breath’’. Cette épreuve a une valeur particuliére 
pour déceler les lésions ouvertes chez le malade non-emphysémateux 
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INTRODUCTION 


It is well known in experimental tuberculosis that, when a suspension of tuber- 
cle bacilli is injected intravenously into an animal and the animal is killed five 
minutes later, numerous bacilli can be found in sections of various organs. 
However, if the animal is killed a day later, extensive search of sections of the 
organs will reveal only a few bacilli, and in the next seven to ten days it is very 
difficult to find bacilli in sections or smears made of the various tissues. After 
about a fortnight, however, the bacilli can be demonstrated by normal histo 
logic procedures and can be shown to be multiplying rapidly (1). This phenome- 
non has been a barrier to the development of staining methods for the study of 
the multiplication of .W. tuberculosis in vivo. By the use of cultural methods, how- 
ever, it has been demonstrated, notably by Lurie and Zappasodi (2), using cul- 
tures of homogenates of tissues, that multiplication of the bacilli does occur dur- 
ing this period. Cultural methods are, however, unreliable at best (3, 4) and can 
often give confusing results; for instance, in the experiments on the multiplication 
of M. tuberculosis in immune rabbits by Lurie (5) and by Freund and Angevine 
6), who obtained contradictory results. 

The problem of studying the rate of multiplication of bacilli has been ap- 
proached in rather a different way by Youmans and Youmans (7). They inocu- 
lated mice with different numbers of bacilli and assumed that the animals would 
die when the total number of organisms present in each animal had reached a 
certain level. This method, however, gives no information on whether the mul- 
tiplication rate of the bacilli remains constant over the period between the time 
of inoculation and the death of the animal 

\ method is described in the present study by which the rate of multiplication 
of bacilli inoculated into the corneas of mice can be followed day by day from 
the time of inoculation until development of a macroscopic lesion. This involves 
staining of the bacilli in the whole excised cornea, without sectioning, and its 
subsequent microscopic examination. The method has been used to study the 
relationships of the lag phase and the log phase of the multiplication, the influence 
of the size of inoculum on these phases of multiplication, and also to study how 
the rate of multiplication is affected by the age of the culture used 

The fate of the organisms for a period of nine months after inoculation has also 


been followed by the same method. 
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METHODS 


Using the technique described by Rees and Robson (8), albino mice weighing 20 to 25 
gm. were inoculated intracorneally with dilutions of a virulent bovine strain of M. tuber- 
culosis (originally supplied by Dr. Levinthal). The bacilli were cultured in liquid Dubos 
medium and dilutions were made in normal saline containing the surface-active agent 
Tween® 80. \ 

The animal was killed for examination and the cornea removed with fine scissors. It 
was then cleaned of adherent tissue, two radial cuts were made in it to assist in flattening 
for subsequent microscopic observation, and it was stained by the following method 

Staining method: The excised cornea is stained by immersing it for two hours at 
37°C. in a solution made up of one part of 1 per cent carbolfuchsin solution and two 
parts of distilled water. The cornea is then removed from the stain, washed in tap 
water, and decolorized carefully in a watch-glass with 20 per cent sulfuric acid until a 
transparent brown color is obtained. The exact density of this brown color at which 
to stop decolorization should be determined by microscopic examination, as this proc 
ess may take anything from one minute to thirty minutes. The cornea is well washed 
with tap water to restore to it the normal purple color of the Ziehl-Neelsen stain. It is 
immersed again in 20 per cent sulfuric acid for one minute, to restore to it the trans 
parent blue color, and is mounted on a microscopic slide in the same concentration of 
sulfuric acid and covered with a long coverslip. The cornea is examined by normal 
bright-field microscopy using a pale blue filter, and the bacilli can be seen clearly as 
bright red, acid-fast rods against the pale blue or pale brown background of the cornea 
If good differentiation of the bacilli is not obtained, the decolorization of the cornea 
should be continued further, and with practice good results should be obtained in 
practically all cases. As the corneas are mourted in acid, it is not possible to preserve 
them for longer than about two to four hours. However, this allows plenty of time for 
examination. The structure of invading cells in the substantia propria cannot usually 
be made out clearly, but these can often be counterstained with methylene blue. If it is 
desired to do this, the decolorization should be continued with 20 per cent sulfuric acid 
until only a pale transparent purple color remains when the cornea is immersed in 
water to remove the acid. It is then counterstained for thirty seconds in 0.5 per cent 
methylene blue. The counterstaining must be done very carefully to avoid overstaining 

When inocula of about 5,000 bacilli or more are used and the corneas removed imme 
diately and stained by the method described, the site of the deposition of bacilli is evident 
in most cases at a magnification of 120 times, and the actual bacilli are seen as a mass of 
red flecks against a pale blue or pale brown background. When fewer organisms than this 
are injected, several days have to elapse before the bacilli can be regularly seen at this 
magnification 

It proved impossible ‘o count the bacilli in the cornea, but a quantitative estimate of 
the number present was obtained in the following way. A chart was prepared comprising 
seven different densities of flecks of red paint on a blue base, which closely resembled the 


appearance of the stained corneas at the magnification of 120 times which was used through 


out. This is shown in figure 1. Although the substance of the cornea is not always pale blue 
the actual background color is not important so long as good differentiation from the ba 
cilli is obtained. It was found in practice that, when various workers were asked to estimate 
the density of a patch of bacilli, the readings obtained agreed closely and in no case did 
they differ by more than one unit. As Miss Treadgold of the Medical Illustration Depart 
ment prepared the charts after seeing a number of the writers’ preparations the units 
have been called ‘‘T”’ units 

An attempt was made to find the ratio between the number of organisms in the various 
units on the scale by two methods. First, stained smears of serial dilutions of a culture of 


bacilli were made and compared with the scale and this showed that each unit in the seale 
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Fig. 1. **T”’ seale 


corresponded approximately to double the number of bacilli of the one before it. The den 
sities were also compared photographically by densitometry of photographic negatives 
made of the scale. This was kindly done by Messrs. Ilford, Ltd., and gave practically the 
same result as was given by the first method 

An attempt was also made to obtain an approximation to the actual number of bacilli 
per square millimeter for each unit on the “T’’ scale and again two methods were used 
First, counts of smears of bacilli corresponding to certain ‘“T’’ values; and, second, calcu 
lation from three different dilutions of intracorneal inocula using the knowledge of the 
number of bacilli injected, the generation time, and the time taken to reach the various 
~T” values. For simplicity, a generation time of one day was assumed for this calculation, 
this being an approximate time obtained in a number of experiments not involving the ratio 
of “*T’’ seale values. The results given by these methods are shown in figure 2, and it is re 
markable how well these various estimates agree. The approximate linearity of the scale 
of “‘T’’ units permits statistical methods to be applied to the interpretation of the results 


obtained by its use 


In the experiments to study the multiplication of bacilli, four groups of animals 
were inoculated intracorneally. Each group received a different dilution of the 
culture (seventh subculture, eighth day), viz., 1:10, 1:100, 1:1,000; 1:10,000, 
these being made up in normal saline containing 0.5 per cent Tween 80. This 
concentration of the surface-active agent gave a finely dispersed suspension of 
the bacilli with, consequently, more regular results among the animals which re- 
ceived the higher dilution. Viable counts by the method described by Knox (9), 
made on cultures similar to that used, have shown that the actual number of 
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NO. OF BACILLI PER 4g SQ.MM («1) 


SCALE 


Fic. 2. Number of bacilli present in each 0.25 sq. mm. of cornea for various values on 
the ‘‘T’’ scale. 

+ As calculated from counts of smears 

AO®@ Calculation of the number of bacilli for the ‘“‘T’’ values using the following data 

Number of bacilli originally injected into the cornea. 

Interval between the time of injection and the time at which the ‘‘T”’ value was reached. 

Generation time, assumed to be one day. 


T SCALE VALUE 


N 


TIME (DAYS) 


Fig. 3. Multiplication rate of M. tuberculosis in the cornea for various sizes of inocula 
These were, from left to right: 0.01 ml. of a 1:10, 1:100, 1:1,000, and 1:10,000 dilution of a 
culture, corresponding approximately to 50,000, 5,000, 500, and 50 organisms 


organisms injected at the above dilutions would be respectively 50,000 5,000, 
500, and 50 approximately. 


Animals in each group were killed at various times after inoculation, as 
shown in figure 3, each point representing the average value obtained from 
three corneas. 
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{ESULTS 


The “T”’ values, i.e., the density of tubercle bacilli, obtained from the four 
dilutions used at the various intervals after inoculation are shown by the points 
on the graph (figure 3). Statistical analysis of these lines shows that there is no 
significant deviation from parallelism (p > 0.3), no deviation from linearity, and 
that the difference between doses is significant (p = 0.05). This indicates that 
up to a value of 7 “T”’ units, which coincides with the appearance of a macro- 
scopic lesion, the rate of multiplication of bacilli is independent of the size of the 
inoculum used. With the largest inoculum used, growth was seen to occur from 
the very beginning without any lag phase. 

\ second experiment was performed to follow the multiplication of bacilli for 
a much longer period, i.e., for nine months after inoculation. A large group of 
mice was injected with a 1:1,000 dilution of a culture (second subculture, eighth 
day) of the same strain and 3 animals were killed at various times up to nine 
months. The results showed that rapid linear growth occurred during the first 
two weeks, by which time the density of bacilli had reached 7 “T” units and 
in some corneas had passed 7 ‘“T”’ units, so that it was no longer possible to re- 
cord accurately the increase in the mass of the bacilli 

During the next two weeks the macroscopic lesions increased in size and the 
concentration of bacilli seemed to remain constant at a density not much greater 
than 7 ““T” units although there was some increase in the area occupied by the 
main mass of the bacilli. This spread of the mass of the bacilli coincided precisely 
with the spread of the dense macroscopic lesion, although there was often much 
surrounding “‘corneal edema” where very few bacilli were found. These areas of 
corneal edema presumably are a secondary reaction corresponding to the peri- 
focal inflammation described by Canetti (4). Occasionally macrophages full of 
bacilli were seen in parts of the cornea distant from the main mass of bacilli and 
even in the sclera, but it is at present impossible to say whether these cells were 
actually moving out with the bacilli contained in them or whether some few organ- 
isms had been deposited distant from the main mass at the time of inoculation 
and had since multiplied. It is known, however, that M. lepraemurium injected 
intracorneally will escape to cause systemic disease (10), and this also applies 
to corneal tuberculosis in animals treated with cortisone (11). Hence, it may 
possibly occur to a limited extent in untreated tuberculous infection of the cornea. 

By one month after inoculation the macroscopic lesions began to regress 
slightly and no further increase in the number of bacilli was seen. At that stage 
many of the bacilli were markedly beaded. During the next eight months the 
picture remained essentially unchanged, with dense masses of strongly acid- 


fast bacilli, many of which, however, were very granular and coccoid in morphol- 


ogy. After nine months the bacilli were still confined largely to the area of the 


densest part of the macroscopic lesion and with no evidence of spread or of dimi- 


nution in numbers 
In a third experiment the rate of growth of 1:100 dilution of six different 


subeultures of the same strain of MM. tuberculosis was measured and the results 
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Fic. 4. Multiplication rate of six different subcultures of the same strain of M. ¢ 


losis, obtained at various times over a period of eight months 
1. Twelfth day, sixth subculture, February 20, 1956 
Sixth day, seventh subculture, June 20, 1956 
Tenth day, sixth subculture, October 15, 1956 


$. Sixth day, sixth subculture, August 2, 1956 
5 


Eighth day, seventh subculture, August 22, 1956 
6. Thirteenth day, seventh subculture, March 30, 1956 


Usually the strain was passaged through mice after seven subcultures 


obtained are given in figure 4. This shows that within the limits used no system- 


atic variation in growth rate was observed. 
USSLION 


It has been shown that, when a mouse cornea is infected with W. tuberculosis 
and subsequently excised and stained as a whole by a modified Ziehl-Neelsen 
technique, it is possible to study changes in the number of bacilli present from 
day to day from the time of inoculation. Furthermore, the relatively few cells 
present in the cornea at the time of inoculation make the identification of small 
numbers of bacilli particularly easy, although they can still be seen quite easily 
even when considerable cell invasion has occurred. When about 5,000 bacilli 
are injected and the cornea is immediately removed for staining, the presenct 
of the microorganisms can usually be demonstrated at a magnification of about 
120 and, when even as few as 50 organisms are used, they can sometimes be found 
by diligent search at a magnification of 540. The fact that the bacilli can be 
demonstrated by staining from the time of inoculation onwards has made it 
possible to develop a staining method for the quantitative study of the multi- 


plication of M. tuberculosis in vivo. 
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There are various sources of error which should be considered in an appraisal 
of the method: 

The bacilli may not always be acid fast. 

Other stained elements may be mistaken for bacilli. 

The bacilli may not always be over the same area so that the use of the 
‘T” value by itself is not satisfactory. 

Difficulties may arise in estimating the density of a mass of bacilli when 
the distribution is very irregular. 

These various sources of error can be considered separately. 

Kahn (12) and Hollande and Bonifax (13) believe that, during the first forty- 
eight hours, tubercle bacilli alternate between acid-fast and nonacid-fast forms 
and become stable only after this period. However, Canetti (4) disputes this 
fact, since in zones of great bacillary abundance such as softened caseous areas 
and the walls of cavities, where the chances of seeing both young and aged bacilli 
are good, almost no nonacid-fast forms are found, although there may be im- 
perfect acid fastness. Rarely, however, are frankly cyanophilic bacilli found. 
Similarly, in examination of stained corneas, only very rarely are atypical forms 
found. Thus it is believed that this source of error is not of any real importance. 

In corneas where there is little cell invasion, careful examination shows that 
with proper decolorization, errors due to the stain’s being held by elements other 
than bacilli are negligible. In the presence of heavy cell invasion, however, clumps 
of cells may occasionally retain some red stain even after prolonged decolor- 
ization. This is usually obvious on examination at a higher magnification than 
that used for making the estimate of the “T” value and, consequently, exami- 
nation of such corneas at a higher power should be carried out and this source of 
error reduced to a minimum. 

In the present paper, the multiplication rates of the bacilli have been studied 
by the use of density changes alone. The influence of changes in the area of the 
mass of bacilli, and so in the absolute number of bacilli, has been ignored. The 
reason for this is that, until the appearance of a macroscopic lesion, there is 
practically no change in the area of the mass of bacilli. As previously de- 
scribed (14), the bacilli are deposited in the cornea around the needle tip, over 
an area of about 500 yu in diameter, and it is only after the development of a 
macroscopic lesion that this area increases. Hence, for these experiments, vari- 
ations in the density of the mass of bacilli reflect accurately the changes in num- 
bers of organisms, and so no account of the area need be taken. Under special 
conditions, however, such as treatment with cortisone, in which there tends to 
be spread of the organisms from the beginning, some factor of density mul- 
tiplied by area must be used in studying the multiplication of the bacilli. 

Normally the bacilli are distributed fairly evenly over the area they occupy. 
The invading cells cause disruption of the mass of organisms, so clumping is 
not of any great significance. Occasionally, however, small masses of bacilli are 


deposited distant from the main mass and some attempt must be made to take 


account of these. Also, in special circumstances, such as during cortisone treat- 
ment, the bacilli may grow in thick dense masses, and in these cases the errors 


in estimation of ‘“T’’ values may be very large. 
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Youmans and Youmans (7) have studied the effect of the size of inoculum on 
the rate of multiplication, using the human strain H37Rv in mice. Within dosage 
limits of 0.5 mg. to 12.0 mg. (about 10’ to 10° bacilli), they have found that the 
rate of multiplication is independent of the dosage used, but with smaller inocula 
they did not find a linear relationship between median survival time and log- 
arithmic dose. In the experiments described above, it was shown that the growth 
rate of M. tuberculosis var. bovis in the cornea is independent of the size of in- 
oculum over a dose range of one thousand times. When the density of organisms 
units, then the cornea contains about 


in the cornea reaches the level of 7 ““T 
10° bacilli; thus, these experiments terminate at about the lowest level that 
Youmans and Youmans (7) were able to study. The rate of multiplication of 
each dose level, moreover, is linear within the limits observed, viz., between 
1 “T” unit and 7 “‘T” units, the latter value coinciding, as shown in other ex- 
periments, with the time of appearance of a macroscopic lesion. 

With the larger inocula, within the present range, when the growth can be 
accurately followed during the first day or two after inoculation, no lag phase 
could be found. The method which is described, however, is dependent on ob- 
servations of the total mass of the organisms. Hershey (15) and Winslow and 
Walker (16) have shown that, in the initial stages of growth, there can be an 
increase in cell mass without an increase in cell numbers. Thus, there may in 
fact be a short lag phase which has not been detected in the present experiments. 
Phase contrast and histologic examinations of the bacilli at this time, however, 
have failed to reveal any gross differences in morphology, so that the lag phase of 
the larger inocula, if at all present, must be very short and certainly not more 
than one day. 

It has been shown that with an inoculum of a 1:10 dilution, logarithmic multi- 


plication occurs practically immediately after inoculation. If it is assumed that, 
with the lower dilutions, once the bacilli enter the log phase of their growth 
curves, they will continue to multiply in a logarithmic manner throughout this 
phase, then it is likely that the growth curves for these higher dilutions represent 
parts of linear curves which can be extrapolated backwards towards the or- 


dinate. 

If this isdone and estimates of the number of bacilli corresponding to the various 
‘T”’ values are inserted, there is a suggestion that there is a short lag phase which 
increases with dilution up to a maximum of about two days with the 1:10,000 
dilution. Even if it is assumed that there is an error in the estimations of the 
number of bacilli corresponding to the various ‘““T” values, and these estimates 
are multiplied by as much as three times, there is still a lag phase reaching a 
maximum of about one day with the lower concentrations. The over-all inac- 
curacies of the method, however, are such that no dogmatic statements can be 
made on this point. It is of interest to note in this connection that Lurie and 
Zappasodi (2) showed that, in rabbits infected with the human strain of M. 
tuberculosis, there was an initial lag phase which varied with the resistance of 
the strain of rabbit used. Thus, if it is assumed that an animal is more re- 
sistant to a smaller than to a large inoculum, the result tentatively discussed 
above, indicating a short lag phase which bears an inverse relationship to the 
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number of bacilli injected, would be in agreement with the results obtained by 
Lurie 

From the above data, the generation time (G) of the bacilli can be calculated 
by two independent methods. First, since it has been shown that each ““T’”’ value 
is approximately double the previous one, the generation time will simply be the 
time taken for the density of bacilli to pass from one “‘T” value to the next. 
The combined slope (b) of the lines in figure 3 is 1.176 + 0.190 (p = 0.05), and 
the generation time given by G : is 20.4 hours with limits of 17.6 to 24.3 
hours when p 0.05. 

Youmans and Youmans (7) have described a method for the calculation of 
the generation time of tubercle bacilli whereby, if the time to reach a certain 
concentration is plotted against the concentration of bacilli injected, the gen- 
eration time is given as a function of the slope. For their calculations, they as- 
sumed that, when animals injected with different numbers of bacilli died, then 
they would contain the same number of bacilli. The validity of this assumption 
is questionable, and in this experiment a more sensitive end point can be used. 
It is assumed that, when different corneas reach the same “‘T’’ value over the 
same area, they contain the same number of bacilli. The time taken to reach 
7 “T” units plotted against the logarithm of the concentration of bacilli injected 


a ‘ log. 2 
is given in figure 5. The generation time given by G when <& is the re- 


ciprocal of the slope is 21.9 hours. 
This is in close agreement with the results obtained by the first method and 
also with the generation time of seventeen hours obtained by Robson and Did- 


cock 17 


Slope = 303 
G.T = Log2 x slope 
303 
=O-9idays = 2!-9hrs. 


DAYS TO REACH 7TU. 
o @ re) 


2 3 
-LOG CONC. OF BACILLI INJECTED 


Fic. 5. Generation time of M. tuberculosis, as calculated by the method of Youmans and 


Youmans (7 
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The second experiment described above, in which the fate of injected bacilli 
was followed for nine months, shows that a macroscopic lesion appears at a time 
corresponding approximately to a density of bacilli of 7 ‘““T”’ units. After this, 


bacillary multiplication continues more slowly, and soon a state of equilibrium is 


reached with the host; thereafter the number of bacilli seems to remain constant 
for at least eight months. Three possible explanations, or combinations of these 
three, can be advanced 


All of the bacilli are dead. 

The bacilli are alive, but their multiplication is completely inhibited 

The bacilli are multiplying and being removed from the cornea at the same rate, 
so that the total number of bacilli at any one time is constant 


The first possibility may be correct, since many of the bacilli have morpho- 
logic appearances which suggest that they have degenerated, and it has been 
shown (18) that bacilli killed by heat can remain in situ and stainable for many 
weeks after injection into the cornea. An attempt is being made to culture some 
of these eyes in artificial media. 

Experiments to be published elsewhere strongly suggest that, in animals pre 
viously immunized, multiplication of bacilli is completely inhibited although the 
bacilli remain viable for some time. Thus, it may be that the animals eventually 
acquire enough immunity to prevent any further multiplication of the bacilli. 
This seems to be the most likely explanation 

If the third explanation were true, then one would expect to find acid-fast 
bacilli outside the eye, and this is very rarely the case in an untreated infection 
of the cornea. Some of the animals killed after nine months, however, did have 
pulmonary lesions containing acid-fast bacilli. 

In any case, it is of interest to note that there is no very active scavenging 
mechanism for the removal of bacilli as such from the lesions in corneal tuber- 
culosis; and that they do remain stainable for so many months after infection 


in quiescent lesions 


SUMMARY 


\ simple technique is described for the staining ol tubercle bacilli in the cor- 
neas of mice infected experimentally by the intracorneal method. This technique 
was used to study the multiplication of acid-fast bacilli tn vive. The effect of 
inoculum size on the rate of multiplication of .V. tuberculosis var. bovis was in- 
vestigated, and it was shown that, within the range investigated, the rate of 
multiplication 1s independent of the size of inoculum 

The generation time was calculated by two methods, and values of 20.4 hours 
and 21.9 hours were obtained. The possible existence of a lag phase was discussed, 
and the growth rates of different subcultures of the same bovine strain were 
studied. 

The fate of bacilli for a period of nine months after injection has been investi 
gated. It was found that a maximal concentration of bacilli was reached soon 


after the appearance of a macroscopic lesion and, thereafter, no further increase 
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was seen. The number of bacilli in the cornea appeared to remain constant 


throughout the remaining period of observation. 


SUMARIO 
Estudios Cuantitativos de la Multiplicacién de los Bacilos Tuberculosos in Vivo 


Describese una técnica sencilla para la coloracién de los bacilos tuberculosos en las 
cérneas de los ratones infectados experimentalmente por via intracorneal. Se usdé esta 
técnica para estudiar la multiplicacién de los bacilos dcidorresistentes in vivo. Se investigé 
el efecto del tamafio del inéculo sobre la velocidad de la multiplicacién, quedando demo 
strado que, dentro de los limites de la investigacién, la velocidad de la multiplicacién era 
independiente del tamafo del indédculo 

El tiempo de generacién fué caleulado con dos métodos, obteniéndose valores de 20.4 y 
21.9 horas, respectivamente. Se discute la posible existencia de una fase de retardo, y se 
estudian los coeficientes de proliferacién de diversos subcultivos de la misma cepa bovina 

Se investigé el destino de los bacilos durante un periodo de nueve meses consecutivos a 
la inyeecién, observandose que alcanzaban su concentracién m&xima poco después de apare 
cer una lesién macroscépica, sin notarse més aumento a partir de entonces. El ndmero de 
bacilos en la cérnea parecié parmanecer constante durante todo el resto del periodo de ob 


servacion 


RESUME 
Etudes quantitatives sur la multiplication des bacilles tuberculeux in vivo 


Deseription d’une technique simple pour la coloration du BK dans la cornée de souris 
expérimentalement infectées par la méthode intracornéenne. Cette technique fut utilisée 
étudier tn vivo la multiplication du nombre des bacilles tuberculeux. L’effet de la dimension 
de l’inoculum sur le taux de multiplication de M. tuberculosis var. bovis a été recherché et, 
dans les limites de |’investigation, ce taux est indépendant de la dimension de |’inoculum 

Le temps de reproduction a été déterminé par deux méthodes différentes; les valeurs 
obtenues furent 20,4 heure et 21,9 heure. L’existence possible d’une phase ralentie est dis 
cutée, et la vitesse de croissance de diverses sous-culture de la méme souche bovine sont 
étudiées 

Le sort des bacilles pendant une période de neuf mois apres l’inoculation a été l’objet 
d’une investigation. On a découvert que la concentration maxima des bacilles était atteinte 
peu de temps aprés l’apparition d’une lésion macroscopique, sans augmentation ultérieure 
du nombre des bacilles. Le nombre de bacilles intracornéens s’est montré constant pendant 
tout le reste de la période d’observation 
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INTRODUCTION 


The literature concerning psychic phenomena in tuberculosis is extensive 
(1-5). For twenty-five hundred years or more some physicians have believed 


that tuberculosis was frequently initiated by unhappy or stressful experiences. 
The discovery of the tubercle bacillus discouraged this belief, but it never disap- 
peared (6-9). The demonstration of marked variations in resistance to tubercu- 


losis between species and between individuals of the same species has suggested 
that infection alone is an incomplete explanation of progressive disease. 

A number of investigators have presented evidence of physiologic mechanisms 
whereby life stresses may adversely affect human resistance. At an early date it 
was noted that certain autonomic phenomena associated with chronic emotional 
stress were prominent among tuberculous patients (9-11). Strong similarities 
have been found between persons suffering from pulmonary tuberculosis and 
cases of effort syndrome (12-14). A number of studies have shown deviations 
in hormones related to resistance and association between these deviations and 
emotional states (15-18). 

Studies of patients at Firland Sanatorium in Seattle have established that 
they are typically unstable, socially marginal, and had experienced apparently 
critical patterns of life stresses prior to the detection of their disease (19, 20). 
From these findings it was logical to draw the hypothesis that a life-organizational 
stress situation of significant proportions typically appears shortly before the 


onset. of the disease. 
PLAN OF INVESTIGATION 


The Proble m 


It was proposed to test the above hypothesis by relating crisis to onset of the 
disease. A thoroughly scientific test would, of course, involve the selection of 
well people at random, assignment of these to an experimental and a control 
group, and application of stress to the experimental group. This was manifestly 
out of the question. 

At first glance it would seem that the next best approach would be to sample 


tuberculous patients at random and to make an ex post facto comparison with 


From the Department of Psychiatry, University of Washington, Seattle, Washington 
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a random sample of the population. However, the following difficulties 
mediately presented themselves: 


(1) As already noted, patients are distinctly not representative in connection 
with economic, racial, and other factors intimately related to the question 
of situational crisis 
Only rarely can the approximate time of onset be established 
Even if a random sample of the population could be induced to have chest 
films, the replacement of any having questionable films would raise a serious 
question concerning the randomness of the final choice of sample 
Since crisis is postulated as a precipitating cause—not an exclusive cause 
a valid comparison would require evidence of infection in the normative 


sample 


These considerations made it necessary to seek a comparison of two groups 
matched on a number of background items, including chest films and skin tests, 
both of which groups had been consistently examined roentgenographically for 
evidence of tuberculosis so that time of onset and time of detection would be in 
close agreement. Furthermore, since matching from otherwise distinct groups 
tends to exaggerate differences of the investigated variables, it was considered 
advisable to draw both samples from a presumably homogeneous population. 


Method 


The only available population from which two samples could be obtained which 
would conform to these requirements consisted of all persons employed at Fir- 
land Sanatorium from its establishment at the present location in June, 1947. 
Each of these had been given skin tests with PPD in graded strengths, an initial 
chest film at the time of employment, and subsequent chest films at intervals of 
three months. 

The tuberculous sample consisted of all employees at work between the 


specified dates who were found eligible for compensation as a result of tuberculosis 


in connection with their employment. The sample used for comparison con- 
sisted of other employees matched individually by age, sex, race, marital 
status, education, time of employment, job classification, income, skin test 
reading, appearance of chest film, and previous record of chronic conditions pos- 


sibly related to pulmonary tuberculosis.‘ 


The employees who had contracted tuberculosis were first classified with respect to 
age, sex, race, job classification, and time of employment. From questionnaires the educa 
tion, income, and marital status were determined. Department heads were then asked for 
the names of employees who would closely approximate the various criteria. Those of the 
same sex, race, and job classification, hired within six months of the same day as the tu 
bereculous employee und within the same decade of age, were accepted is the pool irom 
which further matching would be done The names of these and of the persons to be matched 
were turned over to the medical director of the sanatorium for comparison of the chest 


films and medical data 


‘Chronic conditions included diabetes, hypothyroidism, asthma, pulmonary emphy 


sema, mitral stenosis, pulmonic stenosis, silicosis, hypertension, and alcoholism 


= 


770 HAWKINS, DAVIES, AND HOLMES 


A total of 31 employees had been found to have compensable pulmonary tuberculosis. 
Seven had terminated employment, moved, and left no forwarding addresses, one refused 
to participate, one was from too small a job classification to select a satisfactory com- 
parison, and 2 could not be matched on physiologic variables. This left 20 cases for study. 

Two of the cases of tuberculosis were first diagnosed in 1949; 6, in 1950; 4, in 1951; 4, 
in 1952; 2, in 1953; and 2, in 1954. Time of detection ranged from 4 months to 73 months 
after employment, the mean being 26.5 months. Of the 11 patients not in the study, 6 had 
become ill prior to 1950 

The previous occurrence of psychosocial stresses was measured by means of the Schedule 
of Recent Experience, a form for registering a uniform list of difficulties and hardships 
by year of occurrence. Entries are always made by the person under study and the response 
pattern represents a measure of the frequency and location of experiences. The Schedule 
of Recent Experience was developed in the sanatorium, cross-validated on two samples 
totaling 165 admissions, pre-tested for readability and clarity, and the maximal validity 
was established as lying in the age range from 25 to 55 years. A reliability coefficient of 
0.831 was obtained between first and second administrations of the form at five-month 
intervals in a group of 40 newly admitted white patients with pulmonary tuberculosis 
between the ages of 25 and 60 years 

The level of personal integration (a phenomenon assumed to be related to experience 
of crisis) was measured by the Cornell Medical Index, a standardized list of 195 items 
used for screening psychoneurotic suspects by quantitative criteria. The Cornell Medical 
Index had been pre-tested for use by the semiliterate and is reliably interpreted by clini- 
cians, nurses, medical students, and social workers, as well as by psychiatrists (21). The 
reliability of response was 0.805 when tested in the same manner as described above for 
the Schedule of Recent Experience 

For the purpose of the study, situational crisis was defined as a uniformly and sharply 
rising frequency of the dislocative factors in the life history which are measured by the 
Schedule of Recent Experience. A significantly greater number of patients in the sick 
group who registered such a concentration in the two years preceding onset of the disease 
compared with the same period for the well group, and a significantly higher level of cumula 
tive experience among the sick than among the well, would confirm the hypothesis 

It was unnecessary to postulate a connection between the extent of crisis and the degree 
of personal disintegration reflected on the Cornell Medical Index. On the other hand, 
the general conception of crisis is such that a relationship between the two phenomena 
would certainly strengthen the theory 

In view of the small numbers compared and the fact they were matched rather than 
randomized, it was essential that analysis be confined to statistical measures applicable 
to these precise conditions. The ¢ test of differences between means has a sampling dis- 
tribution which changes according to the sample size, so that a larger difference is required 
for smaller samples in order to achieve the same level of significance as in larger samples 
Most of the current texts on social and psychologic statistics give specific instructions 
for the use of this test in a matched design. The chi-square test likewise corrects for the 
sample size by requiring increasingly greater proportional differences from increasingly 
smaller samples. The latter test ordinarily requires random sampling but, when used as 
a test for homogeneity, it requires only that the groups be equal and that the factor tested 
shall occur under conditions of equal opportunity. These were the tests employed. Since 
the only chi-square comparison employed a four-place table, the calculations were cor- 


rected for continuity 


OBSERVATIONS 


The matched groups numbered 20 each, of whom 17 were male and 3 were 
female. The final matching was such that all were white. Each of the groups 
contained one physician, four registered nurses, and twelve subordinate nursing 
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and auxiliary personnel. Two of the employees who were ill had had inactive 
tuberculosis at the time of employment and were matched with employees 
having inactive disease of similar extent who remained well. With these 2 
exceptions, all were cases of minimal tuberculosis. None of the control subjects 
had developed tuberculosis six months after completion of the study. 

The matching by sex and marital status was necessarily exact. Race was con- 
stant. None of the control subjects was hired more than six months earlier or 
later, but no more exact measure was computed. Job classification was judged 
by department heads and medical data by the medical director. 

Income means were $3,485 for the ill and $3,815 for the well, with standard 
deviations of $95.20 and $121.18, respectively, demonstrating that the match 
was consistently very close for all twenty pairs. The tuberculous group had a 
mean age of 45.15 years and standard deviation of 14.24 years; the controls, a 
mean of 46.40 years and standard deviation of 14.20 years. On this variable there 
was again a uniformly good match. The means of education were 12.00 for the 
tuberculous and 11.95 for the control subjects, but respective standard deviations 
were 2.55 and 1.57, a difference significant at the 0.05 level. 

There was also a very close agreement on the number in the household (a factor 
not consciously controlled), with an average of 2.90 for the ill and 3.00 for the 
well employees and standard deviations of 3.59 and 3.50. 

The distribution of stressful situations, such as financial hardship, changes of 
jobs and residences, and domestic problems, was markedly different for the two 
groups, as shown in figures | and 2. It will be noted that two broad classes of 
events progress in concomitant fashion in figure 1, while in figure 2 they are un- 
related. Calculation of straight line regressions of the combined frequencies 
revealed a positive slope of 0.275 for the tuberculous sample and a negative slope 
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of 0.009 (practically horizontal) for the control subjects. The groups thus ex- 
hibited the predicted phenomenon of uniformly accelerating stress frequencies 
among those who became tuberculous. 

The total incidence of such stressful occurrences during the ten years, however, 
was on the average higher for the control subjects. In table 1 the incidence for 
the two groups is shown. In view of their relatively meager total experience of 
these stressful events, the very high frequency among the tuberculous employees 
in the final period is the more remarkable by way of contrast. 

It had been predicted that, whatever the highest frequency ol stress in a 
given case, a significantly greater number of the tuberculous employees would 
record that highest frequency as occurring either one or two years prior to onset 
(detection) of their illness. The comparison is shown in table 2. The difference 
between 9 tuberculous employees and one control subject resulted in a corrected 
chi-square value of 6.55, significant at the 0.02 level of confidence. 

It was also predicted that in the peak year the tuberculous employees would 
have recorded a significant concentration of disturbing events, i.e., that the 


proportion ol the total ten years’ experience appearing In a single year would be 


significantly higher. The means and standard deviations for this percentage 
concentration are shown in table 3.° The ¢ ratio for the difference is 3.32, sig- 


nificant at the 0.005 level of confidence.* 


* In this comparison the peak-year frequency for each case was divided by the total 
ten-year frequency for that case. These quotients were then used as score distributions 
in the same fashion as density or rate levels might be used, and means and variances were 
computed from the distribution for each group 

* In a one-tailed test of pairs it would be customary to use 19 degrees of freedom and 
take half the tabled value of probability. The present study employed 38 degrees of freedom 


ind the actual tabled value, thus obtaining a more conservative estimate of significance 
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TABLE |! 
Tora. Experience or Sociat Srresses Recorvepv ror THE TEN-YEAR PERIOD CoveRED 
IN THE SCHEDULE OF Recent EXPERIENCE BY 20 TUBERCULOUS AND 20 Matcuep 
NONTUBERCULOUS EMPLOYEES OF FIRLAND SANATORIUM 


Ten-Year Frequency of Social Forces 
Mean Standard Deviation 


Tuberculous 16.7 15.5 


Nontuberculous 23.5 10.3 


TABLE 2 
LOCATION OF YEAR oF PEAK FREQUENCY oF Social Stresses AMONG 20 TUBERCULOUS AND 
20 Marcuepn Nontusercutous Employees or Fir_tanp Sanatorium SHown 


IN THE SCHEDULE or Recent EXPERIENCE 


Time of Occurrence 


Tuberculous 11 
Nontuberculous 19 


Total cases 10 30 


Note: The chi-square test of homogeneity, corrected for continuity, has a value of 6.55 
in this table. The value is significant at the 0.02 level of confidence 


TABLE 3 
Proportion or Ten-YeEAR Experience or Sociat Srresses CONCENTRATED WITHIN THE 
Peak Year or Sucn Experience As RecorDED ON THE SCHEDULE OF RECEN1 
EXPERIENCE BY 20 TUBERCULOUS AND 20 Matcuep 
EMPLOYEES OF FIRLAND SANATORIUM 


Percentage of Experience Recorded in Peak Year 
Mear Standard Deviat 


Tuberculous 
Nontuberculous 


Vote: The value of the ¢ ratio for this table $32; with 38 degrees of freedom, it is 
significant at the 0.005 level of confidence 


In view of the fact that the group of ill subjects went through a significantly 
disturbed phase at the predicted time and yet had less hardship in the long run, 
it was essential that the distribution of factors be examined in more detail to see 
whether the differences occurred only in a few areas or were quite general through 
out the life organization. The findings from this analysis are reported in table 4, 
showing the average contribution from each type of disturbance during the ten 
years, and in table 5, which gives the percentage of each type which occurred in 
the final two of those ten years. 


The tendency toward concentration is consistent in all areas of experience 
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for the group of ill subjects. While the absolute concentration was quite marked 
in some instances in which the factors had been unimportant in the long-term 
experience of this group, e.g., personal crisis and marital stress, the concentration 
was significant only for financial hardship, job changes, residence changes, and 
work stress. With the exception of the last, these had all been of greater im- 
portance in the histories of the group of those who were ill. On the whole, then, 
the critical cumulation had been consistent in all areas of the life organization 
and significant in the areas of long-term disturbance. 

Five dimensions of pathologic response may be judged from the Cornell 
Medical Index: total affirmative responses, affirmative responses on the last 


TABLE 4 
PROPORTION OF THE ToTAL FREQUENCY oF Socrat Stresses CONTRIBUTED FROM Eacu 
Crass or DisturRBING EVENTs IN THE SCHEDULE OF Recent EXPEeRIENcE BY 20 TUBER 
cuULous AND 20 Matcnep NontusercuLous EmpLoyees or SANATORIUM 


Mea *ercentage of Total During 10 Years 


Tuber is Nontuberculous 


Financial hardship 

Job ch inges 

Residence hanges 
Changes in social relations 
Irregular habits 

Person al crisis* 

Work stress 

Marital stress 


* A residual item aimed at showing any gross failure of the instrument to measure criti- 
cal disturbance. No such failure was evident. Four other item groups are not shown because 


response from both groups was absent or meager 


TABLE 5 
PROPORTION OF THE FREQUENCY or Eacn Item Group or THE ScHEDULE Or RECENT 
EXPERIENCE APPEARING IN THE Fina Two Years ror 20 TuspercvuLous anp 20 
Marcuep NoNTUBERCULOUS EMPLOYEES OF FIRLAND SANATORIUM 


Mean Percentage Recorded in the Final Two Years 
Tuberculous Nontuberculous 


Financial hardship 2g 


Job changes 30 


Residence changes 

Changes in social relations 

Irregular habits 

Personal crisis* 68 
Work stress 33.3 
Marital stress 10.0 


*A residual item aimed at showing any gross failure of the instrument to measure 
critical disturbance. No such failure was evident. Four other item groups are not shown 


because response from both groups was absent or meager 
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TABLE 6 
NUMBER OF Cases AMONG 20 TUBERCULOUS AND 20 MatcHep NONTUBERCULOUS EMPLOYEES 
or Firtanp SANAToR1IUM ANSWERS TO THE CORNELL MepicaL INDEX 
Criassiry as PATHOLOGICALLY DisTURBED 


Pathologic* Others 


Tuberculous 


7 
Nontuberculous 15 


* Judged by the standard of demonstrating two or more evaluative criteria for referral 
to a psychiatrist. The chi-square value of the frequencies, corrected for continuity, was 
found to be 4.95. This was significant at the 0.05 confidence level 


TABLE 7 
DirFFERENCES IN OcCURRENCE OF CLINICAL CRITERIA OF THE CORNELL MepicaL INDEX 
AmonG 20 TuBErRcULOUS AND 20 Matcnep NontTUBERCULOUS 
EMPLOYEES AT FiRLAND SANATORIUM 


Mean Occurrence 


Criteria Significance* 


Tuberculous Nontuberculous 


Total ‘‘yes’’ answers 28 . 7.3! 0.05 
**Yes”’ answers to page 

Ambiguous responset 0.05 
Comments$ 3.8: 0.01 
Dispersion 5.65 3.95 0.02 


* Probability that such a difference would occur by chance, as measured by ¢ test with 
38 degrees of freedom 
t This page consists of ‘“‘manifest’”’ personality items, i.e., items whose emotional tone 
is obvious to the respondent 
t Marking either both or neither of the two possible answers 
§ All changes which would qualify the response 
The average number of sections, of a total of 18, through which affirmative answers 


were scattered 


page (manifest personality items), ambiguous responses, number of written 
comments, and dispersion throughout the various sections representing bodily 
systems and emotional moods. There are two cutting points for the number of 
total affirmatives, making six criteria of classification. 

As shown in table 6, the number referrable as psychoneurotic suspects by two 
or more of these criteria was 13 among the tuberculous and 5 among the controls. 
The corrected chi-square value is significant at the 0.05 level of confidence. 
The ill employees were significantly more often classifiable as pathologically 
disturbed according to the standard interpretation of the index 

The two groups were also compared on each of the five dimensions of pathology. 
The tabulations are given in table 7. It is at once evident that the tuberculous 
employees exceeded their healthy counterparts on all except manifest personality 
items. These are items with psychologic implications which are clear to both 


naive and sophisticated respondents, whereas other measures of pathology are 
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TABLE 8 
Linear Corre cations INpicatinc Between Lire Situation REVEALED 
Scuepute or Recent Experience AND Personauity Stratus MEASURED BY 
Cornett Mepicat Inpex, AmMone 20 TuspercuLous anp 20 Matcuep WELL 
EMPLOYEES AT FIRLAND SANATORIUM 
Factors 
Coefficient 


Schedule of Recent Experience Cornell Medical Index 


Relative concentration of social Relative dispersion of response 
forces 

Proportion of total comprising fi Extent of prior disease 
nancial hardship 

Proportion of total comprising Number of comments 
domestic trouble 

Change of residence Response ambiguity 

Relative concentration of social Number of pathologic criteria 
forces demonstrated 


not likely to be suspected except by one familiar with the manual of interpre- 
tation. All differences were significant, the most definitive being the number of 
comments, which was significant at the 0.01 level of confidence. 

An examination of the separate items of manifest personality disturbance was 
extremely interesting. There are six sections in all, with items indicative of 


inadequacy, depression, anxiety, sensitivity, hostility, and tension. In five of 


these sections the group differences were not significant, but in reference to 
hostility the ill group expressed significantly less at the 0.001 level. That one 
section accounted for the negative, though not significant, finding with respect 
to this criterion. 

The total scores on the Schedule of Recent Experience and those on the Cornell 
Medical Index correlated negatively. However a number of other features of the 
two instruments exhibited positive association. These are listed in table 8. 
While these results are far from conclusive they do present some grounds for 
supposing that stressful experiences and pathologic signs were two aspects of a 
single process. 

Certain by-products of the study throw further light upon the differences in 
group performance. There were two questions in the Schedule of Recent Ex- 
perience relating to changes of residence, the answers to which should have been 
identical. Similarly, the Cornell Medical Index contains two adjacent sections, 
one showing the self concept as a sickly or robust person; the other showing an 
actual list of common ailments. In both these comparisons the tuberculous em- 
ployees were significantly more discrepant when the relevant items were com- 
pared and the quantitative difference was tabulated. Likewise the tuberculous 
group was more variable in their scores and subscores on the two instruments, 
their distributions being typified by significantly extreme separations into high 
and low and the various individuals being typified by erratic fluctuations of 
these extremes for the various life factors and the different indices of pathology. 
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Discussion 

As previously noted, the small size of the samples represents no serious draw- 
back if treated by the methods used in the present study.’ As a matter of fact 
there is a valid reason for preferring the small sample in such research. The same 
level of significance is of greater practical importance when it is achieved in a 
small sample than when it requires a very large sample, for the smaller the 
number the closer must be the approach to the ideal of invariable difference. 

A real limitation is presented by the fact that the study was retrospective. 
There are the inherent dangers of overlooking cases, losing cases that cannot be 
matched, and failing to match variables essential for the homogeneity of the 
samples. The fallibility of memory is also a matter to be considered, although the 
high reliability of the questionnaire over a period of five months is consistent 
with prevailing evidence that memory is most dependable in matters of organized 
personal experience, such as family and economic life (22). In connection with 
matching, a very prominent source of error lies in the fact that important factors, 
such as chest films and medical histories, are not quantitative variables but 
qualitative clinical judgments. 

Even if these limitations could be ignored, it does not necessarily follow that 
social crisis was causal even to the degree of being a precipitant. The effects of 
the disease process, the shock of diagnosis, or both, may have distorted the sub- 
sequent reactions of the group of those who were ill by giving the immediately 
preceding experiences a heightened emotional tone. The results in terms of 
psychoneurotic signs could be explained very well in similar terms. 

On the positive side it can be pointed out that the theory was not constructed 
in retrospect but that the instruments were chosen with a specific consequence of 
that theory in mind; that the validity and reliability of the instruments were 
established beforehand; and that both instruments are quantitative and hence 
not dependent upon personal bias or clinical impression for their interpretation. 
Moreover, the test was so designed as to take into account the crucial evidence 
concerning prior chest films and presence of tubercle bacilli. 

Other pertinent data were available. The group used in testing reliability con- 
tained 20 males and 20 females. When the frequencies of stressful events were 
graphed separately for the sexes, it was seen that the graph rose continuously 
for females up to the time of admission while that for males rose and then dropped 
sharply. This phenomenon has a possible connection with the circumstances of 
male hospitalization: treatment is more frequently delayed, the disease is more 


frequently advanced, and the delay and stage of disease are probably associated 
phenomena. Further evidence of the concomitance of traumatic experience, 
emotional reaction, and disease status was shown in the Firland study of adreno- 


cortical activity (18). 
SUMMARY 


A group of sanatorium employees who became ill with tuberculosis was com- 
pared with an individually matched group of employees who remained well, 


See final paragraph under Method 
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The matching included age, race, sex, marital status, education, time of employ- 
ment, job classification, income, skin test reading, appearance of chest roent- 
genograms, and previous record of certain chronic conditions. 

Those who became ill had experienced a concentration of disturbances, such 
as domestic strife, residential and occupational changes, and personal crises 
during the two years preceding the change in a series of quarterly chest films 
leading to determination of pulmonary tuberculosis. This concentration of 
disturbance, or situational crisis, was significant in comparison with the expe- 
rience of the group of subjects who were well. The tuberculous group also evi- 
denced a significant degree of psychoneurotic pathology and did not recognize 
or could not admit their personality deficit on questions in which this recognition 
was obvious. 

The conclusion appears reasonable that many of the employees who became 
ill did so in a situation of stress which would be conducive to lowered resistance. 
It is not suggested that stress must invariably accompany infection in order 


to produce progressive tuberculosis in humans, or that stress, if present, must be 
psychic in nature. Within the acknowledged limitations of the test, however, 
the postulation of psychosocial crisis as one of precipitant causes is tenable. 


SUMARIO 


Signos de la Intervencién de Factores Psicosociales en la Produccién 


de la Tuberculosis Pulmonar 


Un grupo de empleados de sanatorio que se enfermaron de tuberculosis fué comparado 
con otro grupo apareado individualmente de empleados que permanecieron sanos. La equi- 
paracién comprendié edad, raza, sexo, estado conyugal, educacién, duracién del empleo, 
clasificacién del puesto ocupado, ingresos econémicos, lectura de la cutirreaccién, aspecto 
de la radiografia torfcica y antecedentes de ciertas dolencias crénicas. 

Los que se enfermaron habian experimentado una concentracién de trastornos, tales 
como disensiones domésticas, cambios de residencia y de oficio y crisis personales, durante 
los dos afios anteriores al cambio observado en una serie de radiografias trimestrales del 
térax, que condujo a la determinacién de la tuberculosis pulmonar. Esta concentracién 
de trastornos, o crisis de situacién, result6é importante al compararla con lo sucedido en 
el grupo sano. E! grupo tuberculoso manifesté ademas en forma significativa una patologia 
psiconeurética y no reconocié o no quiso admitir la existencia de un déficit de personalidad 
en cuestiones en que dicho factor era manifiesto 

Parece légica la conclusién de que muchos de los empleados que se enfermaron lo hicieron 
en un estado de tensién que conduciria a disminucién de la resistencia. No se sugiere que 
la tensién deba invariablemente acompafiar a la infeccién a fin de producir tuberculosis 
evolutiva en los seres humanos 0, que cuando existe, deba ser de naturaleza psiquica. Sin 
embargo, dentro de las limitaciones reconocidas de la prueba, es sostenible la proposicién 


de que las crisis psicosociales son una de las causas precipitantes 


RESUME 
Mise en évidence de facteurs psycho-sociauz dans le développement de la tuberculose pulmonaire 
Deux groupes du personnel d’un sanatorium ont été étudiés. L’un comportait des sujets 
atteints de tuberculose en activité; l’autre, des sujets restés bien portants. Ces groupes 
étaient comparables. Dans la sélection, il était tenu compte de |’Age, de la race, du sexe, 
de |’état matrimonial, de |’éducation, du temps de service et des antécédents concernant 


certaines affections chroniques 
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Ceux chez lesquels la tuberculose s’est développée avaient été soumis 4 un ensemble 
de difficultés, telles que préoccupations familiales, changements de résidence ou 
d’oecupation, crises personnelles, au cours des deux années précédant les modifications 
observées dans les radiographies thoraciques trimestrielles et qui ont abouti aux signes de 
la tuberculose pulmonaire en activité. Cette accumulation de problémes divers jouait un 
réle significatif, par comparaison avec le groupe resté bien portant qui n’avait pas été 
soumis aux mémes difficultés. En outre, dans le groupe tuberculeux, le degré des manifes- 
tations psycho-névrotiques était important; les malades se refusaient A reconnaire, ou ne 
pouvaient admettre, la déficience de leur personnalité sur des points ov elle était évidente. 
La conclusion, qui parait raisonnable, est qu’il y a lieu d’attribuer aux conditions de stress 
une diminution de la résistance au développement de la tuberculose parmi les membres 
du groupe affecté. Les auteurs ne suggérent pas que le stress doive invariablement s’associer 
4 l’infection pour que la tuberculose se développe chez l"homme, ou que le stress, s’il existe, 
soit nécessairement d’origine psychique. Compte tenu des limitations, admises pour un 
tel test, on peut néanmoins accepter l’hypothése de la crise psycho-sociale comme facteur 
important dans la maladie tuberculeuse. 
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THE SIGNIFICANCE OF BACTERIAL RESISTANCE TO DRUGS 
IN PULMONARY RESECTIONS FOR TUBERCULOSIS' :? 
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INTRODUCTION 


Recent publications have indicated that pulmonary resections in the presence 
of drug-resistant tubercle bacilli are followed by a high morbidity and mortality 
(1-4). However, many questions remain unanswered. For instance, does the 
mere existence of bacterial resistance exert a deleterious effect; or are clinical 
results merely dependent upon the availability of drugs to which the organisms 
are susceptible? Moreover, what concentrations of drug in vitro best reflect 
clinically effective concentrations in vivo? Is the abundance of growth of the 
organisms in the presence of drug in vitro of great clinical significance? Should 
clinically significant resistance be defined as growth in the presence of drug equal 
to that of the control culture; or should it be defined as any consistent growth 
in the presence of drugs? Is it not possible that the total number of organisms 
within the host, as reflected by the extent of disease, is of greater significance 
than the results of laboratory resistance studies performed upon a small sample 


of organisms? 
It is the purpose of the present study to attempt to answer some of these 


quest ions. 


MATERIAL AND METHODS 


Between January 1, 1950, and January 1, 1956, 389 pulmonary resections for tuberculosis 
were performed upon 346 patients at the Ray Brook State Tuberculosis Hospital. One 
hundred and thirty-two resections were performed upon 117 patients whose sputum and/or 
excised tissue yielded tubercle bacilli by culture. One of these patients died with postopera 
tive tuberculous empyema and progressive pulmonary disease after leaving the hospital 
against advice two weeks postoperatively. Two others died of nontuberculous complications 
in the early postoperative period. Three cases have been eliminated from this study because 
resistance studies were not performed. Thus, there were available for analysis 127 operations 
for early complications and 126 operations for late results 

In vitro drug susceptibility tests were, with few exceptions, performed by inoculating a 
concentrated sediment of sputum (direct test) or previously cultured material (indirect 
test) upon three tubes of egg medium (Hohn’s), each containing one of the following drug 
concentrations: streptomycin, 10 y per ml. (final concentration); para-aminosalicylic acid 

PAS), 10 y per ml; and isoniazid, 5 y per ml. In addition, two tubes of the same medium 
without drugs were inoculated as controls. The tubes were then incubated at 37°C. and were 
examined every two weeks. The final readings of the direct tests were made at the end of six 
weeks and of the indirect tests at the end of four weeks. The time of appearance and amount 
of growth in each tube were compared with those of the control tubes. This permitted an 
estimate of the relative proportion of organisms resistant to the concentration of the drug 


' From the Ray Brook State Tuberculosis Hospital, Ray Brook, New York 
? Presented in part before the meeting of the Eastern Section of the American Trudeau 
Society, Schenectady, New York, on November 9, 1956 
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employed. The amount of growth is recorded as 1-plus to 4-plus, or, if less than 1-plus, by 
colony count. Hereafter the concentrations of drug employed in the study will be termed 
standard concentrations 

Since resistance studies were not available for viomycin and pyrazinamide, organisms 
were considered susceptible to these drugs if the host had not received them previously. 

It is not certain whether clinically significant resistance should be defined as growth in 
the presence of standard concentrations of drug equal to that in the control tubes or as any 
growth in the presence of standard concentrations of drug. Therefore two sets of tables 
1A to6A and 1B to 6B) were compiled, one according to each of the foregoing definitions. 
This was done in an attempt to determine which definition provided a better correlation 


with the clinical results 


TABLE 1A 
NuMBER OF OPERATIONS AND Ear_y ComMpPLicaTIONs BY NUMBER OF DruGs 
ro Reststance* Was DEMONSTRATED AND BY NumpBer OF Errectivet Drves 
Usep at OPERATION 


Number of Operations Number of Complications 
Number of Drugs 
Number of Number of 


Reckstenss Was Effective Drugs Used Effective Drugs Used 


Demonstrated 


or f 3 or 
More Operations More 


Total 


* Resistance is defined as any growth in the presence of standard concentrations of drug. 
+ Effectiveness is defined as the lack of any growth in the presence of standard concentra- 


tions of drug 


TABLE 1B 
NuMBER Or OPERATIONS AND Earty ComMpLicaTIONs BY NUMBER oF DrvucGs 
ro Waicn Resistance* Was DEMONSTRATED AND BY Numper or Errectivet 
Usep at OPERATION 
Number of Operations Number of Complications 
Number of Drugs . 
to WI Number of Tota Number of 

Resistance Was Effective Drugs Used Effective Drugs Used 

Demonstrated Per Cent 


Number of 
Operations 


Total ‘ 75 16 


* Resistance is defined as growth in the presence of standard concentrations of drug 


equal to growth in control 
t Effectiveness is defined as growth in the presence of standard concentrations of drug 


less than growth in control 


Tota Per Cent 
0 i4 0 2 36 6 3 7 0 0 3 0 
| 2] l 16 4 0 3 14 0 2 l 0 
2 43 10 26 7 0 5 12 2 2 l 0 
} 19 2 16 l 0 5 26 0 5 0 0 
| 127 13 60 iS 6 16 13 2 9 5 0 
0 67 0 2 5O 15 7 10 0 0 { 3 
l 27 l 12 13 l 2 7 0 2 0 0 
2 26 3 ll 12 0 3 12 l l l 0 
} 7 l 6 0 0 4 57 0 $ 0 0 
ee 16 13 l 7 5 3 
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TABLE 2A 
NUMBER OF OPERATIONS AND Earty TuBercuLOous ComPLICATIONS BY NUMBER OF Druas 
To Wuicu Resistance* Was DEMONSTRATED AND BY EXTENT or DISEASE 


Operations Complications 


Number of Drugs " 
to Which Extent of Disease Total Extent of Disease 


Resistance Was 
Demonstrated Per Cent 
Number of 
Operations 


Total 

Per cent with 
complica 
tions 


* Resistance is defined as any growth in the presence of standard concentrations of drug 


TABLE 2B 
NUMBER OF OPERATIONS AND Earty TuBercuLous CoMPLicaTIONS BY NUMBER or 
ro Wuicn Resistance* Was DEMONSTRATED AND BY EXTENT or DISEASE 


Operations Complications 


Number of Drugs 
to Which 
Resistance Was 
Demonstrated Per Cent 

Number of 
Operations 


Extent of Disease Total Extent of Disease 


Total 
Per cent with 
complica 
tions 3 : 17 


* Resistance is defined as growth in the presence of standard concentrations of drug 


equal to growth in control 


In tables 1, 3, 4, 5, and 6, only drugs considered effective are listed. Therapy with drugs 
to which the organisms proved resistant is excluded 

To evaluate the effect of drug resistance upon the early results of surgery, the tuberculous 
complications occurring during the first postoperative month, including spread of disease, 
empyema, and wound infections, were listed. Nontuberculous complications were elim 
inated. To evaluate the late results, the bacterial and/or roentgenographic reactivations 
and patients who demonstrated evidence of bacterial or roentgenographic activity at the 
last examination were listed 

The extent of disease in the lung operated upon (presumably reflecting the relative 
number of organisms harbored by the host) seemed to influence both early and late results 
of surgery. Accordingly, the extent of disease was classified roughly as 1-plus to 4-plus 
depending upon the estimated volume of the lung involved by disease. One-plus represented 
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TABLE 3A 
NUMBER OF OpeRaATIONS AND Earty Tuspercutous CompLicaTIONs BY NUMBER OF 
Errective* Draues Usep at OPERATION 


Number of ee Number of Early Per Cent of Early Extent of Disease 
= Tuberculous Tuberculous 


Effective Drugs 
4 Operations 
sec Complications Complications 


3 or more 


Total 


* Effectiveness is defined as the lack of any growth in the presence of standard concen 


trations of drug 


TABLE 3B 
NUMBER OF OPERATIONS AND Ear_y Tuspercutous CoMPLICATIONS BY NUMBER 
Errective* Drues Usep at OreRATION 
Number of Early Per Cent of Early 


Tuberculous Tuberculous 
Complications Complications 


Ww 


26 


or more 19 


Total 13 5 5 IS 1] 


* Effectiveness is defined as growth in the presence of standard concentrations of drug 


less than growth in control 


TABLE 4A 
Resvuits or Operations aT Waicn Onty One Errectrive* Was Usep py 


InpivipvuaL Amount or DISEASE 
rations Covered Only by Drug Listed Early Tuber 


Extent of Disease 


Para-aminosalicylic 
id 
Streptomycin 
Isoniazid 
Pyrazinamide 
Viomycin 


No drug 


Total 
* Effectiveness is defined as the lack of any growth in the presence of standard concentra 


tions of drug 
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TABLE 4B 
Resvuuts or Operations at OnLY One Errective* Drug Was Usep By 
INDIVIDUAL DruG anp Amount or Disease 


Operations Covered Only by Drug Listed Early Tuberculous Complications 


Extent of Disease Extent of Disease 
Total 


Para-aminosalicylic 
Streptomycin 
Isoniazid 
Pyrazinamide 
Viomycin 


No drug 


Total 36 
* Effectiveness is defined as growth in the presence of standard concentrations of drug 


less than growth in control 


TABLE 5A 


NUMBER OF OPERATIONS AND LATE ResuttTs BY NuMBER OF Errective* Druas 
AT OPERATION 


Late Results of Operation 


Unstable Lesions on 
Roentgenography 
and or Sputum 

Positive for Tubercle 
Bacilli at Last 

Examination 


Stable Lesions on 
Drugs at Operatior Roentgenography and 
Sputum Negative for 

Tubercle Bacilli at 

Last Examination 


0 


2 


or more 


Total 126 106 2 12 


* Effectiveness is defined as the lack of any growth in the presence ot standard concen 


trations of drug 


TABLE 5B 
NUMBER OF OPERATIONS AND Late Resutts BY NuMBER OF Errective* Drues 
AT OPERATION 


Late Results « 


Stable Lesior 
pentgenograpt 
Sputum Negat 
Tuber e Ba 


Last Examinatior 
Examinatior 


3 or more 14 
Total 126 106 2 12 


* Effectiveness is defined as growth in the presence ol standard concentrations of dr ig 


ess than growth in control 


1+ = 3+ 4+ 1+ 2+ 3+ 4+ 
acid 13 + 6 6 l 0 2 0 2 0 0 
3 0 2 0 l 0 0 0 0 0 
8 0 5 2 l l 0 l 0 0 
6 1 0 2 3 3 l 0 0 2 
1 0 0 0 l 1 0 0 0 l 
| 5 2 3 0 0 l 0 l 0 0 
| 13 9 
59 45 14 8 
4S 46 2 
6 6 0 0 
Unstable Lesions ot 
Number of Effective son . 
Drugs at Operatic Total Operations y and Roentges oes 
© f0F | positive for Tuberck React 
0 5 0 
] 31 11 6 
2 74 68 6 5 
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TABLE 6A 
NemBer or Operatio.:.; aNp Unsatisracrory* Late Resuits sy NuMBER oF 
Errecrivet Drues at OPERATION AND Extent or Disease 


Operations Unsatisfactory Late Results 


Number of Effective Extent of Disease Total Extent of Disease 

Drugs at Operation 
Per Cent of . 


3 or more 


Total 
Per cent with 
unsatisfac 
tory late re 
sults 21 9 17 39 70 


* Includes patients who developed reactivations and/or had unstable lesions on roent- 
genography and/or sputum positive for tubercle bacilli when last examined. 
t Effectiveness is defined as the lack of any growth in the presence of standard con- 


centrations of drug 


TABLE 6B 
Numper or Operations anp Unsatisractory* Late Resvutts BY NUMBER OF 
Errectivet Drugs at OPERATION AND Extent or DisEaseE 


Operations Unsatisfactory Late Results 


Number of Effective Extent of Disease Total Extent of Disease 
Drugs at Operation - 


Total 
Per Cent of 


Number erations 


20 


3 or more 
Total 
Per cent with 
unsatisfac- 
tory late re 
sults 21 2) 17 39 70 


* Includes patients who developed reactivations and/or had unstable lesions on roent- 
genography and/or sputum positive for tubercle bacilli when last examined. 
t Effectiveness is defined as growth in the presence of standard concentrations of drug 


less than growth in control. 


disease in a quarter of the lung or less, and subsequent gradations by quarters up to 4-plus 
represented disease in the entire lung. The National Tuberculosis Association classification 
was not employed as it reflects factors, such as cavity size and contralateral disease, other 
than the volume of surgically treated lung involved by disease. 
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TABLE 7 


Late Resutts or OPERATIONS PERFORMED UPON THE 111 Patients Srupiep py LENGTH 
or Fottow-Up OBSERVATIONS 


— 
| Late Results 
| 


Length of Follow-Up Observations* Stable Lesions on Roentgeno- | Unstable Lesions on Roentgeno- 
graphy and Sputum Negative | graphy and/or Sputum Positive 
for Tubercle Bacilli at Last for Tubercle Bacilli at Last 
Examination Examination 


0-3 months 
3-6 months 
6-12 months 
12-18 months 
18-24 months 
2-3 years 
3-4 years 

5 years 


6 years 


Total 100 


* From last operation when more than one operation was performed upon the same per- 
son. 

RESULTS 

Reference to table 1A reveals the incidence of early tuberculous complications 
according to the number of drugs to which the organisms had developed resist- 
ance. Superficially there appeared to be some correlation between these factors. 
On the other hand, the incidence of early complications did not seem appre- 
ciably influenced by the number of effective drugs administered, since the pro- 
portion of complications with zero, one, two, three, or more effective drugs 
followed no definite pattern. 

Reference to table 2A reveals that the apparent correlation between the 
number of drugs to which resistance was demonstrated and the incidence of 
early complications was undoubtedly a reflection of the amount of disease pres- 
ent at operation. The incidence of complications in each category of resistance 
corresponded generally to the extent of disease in the cases included in that 
category. The last horizontal line confirms the impression that the incidence of 
early tuberculous complications was definitely related to the extent of disease. 
In general, the observations made regarding tables 1A and 2A apply to tables 
1B and 2B. 

The early results according to the number of effective drugs administered at 
the time of surgery are summarized in table 3A. The complication rates for zero 
to and including two effective drugs are very similar if one considers the extent 
of disease in each category. The apparently slightly superior results with two 
drugs undoubtedly reflect the larger proportion of patients in this group who 
had relatively little disease. Although therapy with three effective drugs appears 
superior, these results should be accepted with caution, as only six operations 
are included in this group. It is very likely that a larger series might yield re- 
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sults similar to those obtained with other regimens. For similar reasons the 
surprisingly good results obtained with no effective drug therapy might be 
questioned, as that group includes only 3 cases with 3-plus or more disease. 

In table 3B the relationship of extent of disease to results is even more strik- 
ing. In this table the results with three effective drugs indicate little superiority 
over the results with two or one drug. The favorable results with no effective 
drug therapy probably reflect the relatively small amount of disease in these 
cases. When one considers the combined data of tables 3A and B, it seems fair 
to conclude that the early results with one, two, three, or more effective drugs 
were very similar. It also seems reasonable to conclude that the early results 
obtained without effective drug coverage were not unfavorable when there was 
relatively little disease in the surgically treated lung. 

In table 4A an attempt is made to evaluate the various drugs by analyzing 
the early results of those cases in which the drug in question was the only effec- 
tive drug administered concomitantly with surgery. Although the number of 
cases was few, it will be noted that the results are similar when the cases are 
compared on the basis of disease of similar extent. The same observations apply 
to table 4B. 

In tables 5A and B the late results are listed according to the number of 
effective drugs administered..The patients listed as having unstable lesions on 
roentgenography and /or sputum positive for tubercle bacilli include those with 
reactivations which failed to subside. The unsatisfactory late results are com- 
bined in tables 6A and B, in which they are listed according to the extent of dis- 
ease as well as the number of effective drugs administered. The unsatisfactory late 
results represent the sum of the patients with unstable lesions on roentgenography 
and/or sputum positive for tubercle bacilli at the last examination and the 
reactivations which had subsided and were therefore not included in the pre- 
ceding group. One reason for compiling tables 6A and B was to afford a com- 
parison with tables 3A and B. All of these tables represent the same patients 
with the exception of one, who was included only in the early results, since he 
left the hospital shortly after pulmonary resection. 

If table 3A is compared with table 6A, it will be noted that the incidence of 
unsatisfactory late results increased over the incidence of early complications in 
those instances in which one effective drug or less was administered and that the 
incidence of early and late results was about the same in those instances in which 
two or more effective drugs were employed. Although perhaps less obvious, the 
same general trend may be noted when tables 6B and 3B are compared. It ap- 
pears, then, that with the passage of time the patient who received two or more 
effective drugs tended to do better than one who had received less. 

In tables 6A and B, as in tables 3A and B, it will be noted that results are 
considerably affected by the amount of disease present in the surgically treated 
lung. The good correlation between the amount of disease and the late results 
is indicated in the last horizontal line in tables 6A and B. Indeed, it appears 
that both early and late results are related more to the extent of disease in the 
surgically treated lung than to any other factor. 
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When tables 1A to 6A are compared with 1B to 6B, it is difficult to decide 
which of the two definitions of resistance is the more satisfactory. Since clinical 
results according to both definitions are comparable, it would seem logical to 
conclude that differences in the amount of in vitro growth of organisms in the 
presence of standard concentrations of drug are probably of little clinical sig- 
nificance. What seems important is whether or not growth consistently occurs 
at all in the presence of drug; that is, whether or not resistant organisms are 
present in detectable numbers in the sample tested. 


DISCUSSION 


It seems justifiable to conclude that the mere presence of drug-resistant 
bacilli does not constitute a hazard to pulmonary resection provided other drugs 
can be employed to which the organisms are susceptible. Although the efficacy 
of the individual drugs cannot be determined from such a small series, it is the 
impression of the present writers that streptomycin, PAS, isoniazid, and pyra- 
zinamide are all valuable. Limited experience with viomycin as the only effective 
drug has proved disappointing. 

The protection afforded by one drug seems generally to be as effective as 


Fia. 1 (Left). Roentgenogram of a patient with localized cavitary disease on the left side 
Right upper lobectomy and thoracoplasty were performed at another institution prior to 
admission to Ray Brook State Tuberculosis Hospital 

Right). Roentgenogram following partial decortication and segmental resection of 
apicoposterior segment and wedge of anterior segment of left upper lobe. Organisms re 
covered from the resected lung grew as profusely as in the control culture in the presence of 
standard amounts of streptomycin, para-aminosalicylic acid, and isoniazid. The patient 
received these three drugs at the time of surgery. No other medication was given until 
pyrazinamide and viomycin were substituted four months after the second operation 
There were no complications and the patient’s sputum remained negative by culture for 


tubercle bacilli after the second operation 


ape 
al j 
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multiple drugs in preventing early postoperative tuberculous complications. 
However, the late results have been better in those patients who received two 
or more drugs. This is understandable since the protection afforded by one drug 
alone is limited by the tendency of drug-resistant tubercle bacilli to appear early 
in the treatment period in these circumstances. When multiple drugs are em- 
ployed, the emergence of resistance is delayed and the patient is thus assured a 
longer period of protective therapy. For this reason multiple drugs are em- 
ployed by the writers whenever possible. When organisms are resistant to strep- 
tomycin, PAS, and isoniazid, viomycin and pyrazinamide are prescribed. 

From the evidence provided by this study no conclusion can be drawn con- 
cerning the optimal concentrations of the various drugs which should be used 
in the laboratory. However, with the concentrations of drug employed in this 
laboratory, it appears that two considerations are important: whether any re- 
sistant organisms are present in the sample tested and the abundance of these 
organisms within the host. It is believed that many of the differences of opinion 
regarding the importance of drug-resistant organisms in surgery stem from 
failure to recall that laboratory tests reflect only the percentage of resistant 
organisms in a sample obtained from the host. What is undoubtedly more im- 
portant is the total population of resistant organisms in the host. It has been 


Fic. 2. (Left). Preoperative roentgenogram of a patient with extensive disease on the 
right side and little disease on the left. 

(Right). Postoperative roentgenogram after bilateral resection and right plombage 
thoracoplasty. Right upper lobectomy and resection of the superior segment of the lower 
lobe, performed under the protection of pyrazinamide, were followed by a bronchopleural 
fistula and a small apical empyema. The empyema was treated by the plombage thoraco 
plasty, but there is still a small residual pleural space measuring about 1 cm. A left wedge 
resection was performed seven and one-half months after pyrazinamide therapy had been 
started. Although organisms were probably resistant to pyrazinamide by this time, there 


were no postoperative complications 
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found that a fair estimate of this total population can be obtained from the 
extent of disease present within the lung. 

It is not surprising, therefore, that it has been possible to resect without com- 
plication a small amount of disease without effective drug coverage (figure 1). 
It is likewise not surprising that complications have occurred after resection in 
the presence of a large amount of disease in spite of the use of a drug to which 
the patient’s organisms were susceptible (figure 2). 


SUMMARY 


The results of pulmonary resection, performed over a period of six years upon 
patients whose sputum and/or resected lesions contained culturable tubercle 
bacilli, are reviewed. An attempt is made to correlate the laboratory resistance 
studies with the early and late clinical results. It is believed that the mere pres- 
ence of organisms resistant to drugs is of little importance provided that other 
effective drugs are available. One effective drug seems to provide protection 
against the occurrence of early postoperative tuberculous complications. Two 
or more drugs seem to provide better protection against late unsatisfactory 
results than does one drug. An important factor influencing early and late re- 
sults is the amount of pulmonary disease present, which probably reflects the 
number of tubercle bacilli harbored by the host. 


SUMARIO 


La Importancia de la Resistencia Bacteriana a las Drogas en las Resecciones Pulmonares 


por T ube rculosis 


Repdsanse los resultados de la reseccién pulmonar ejecutada durante un periodo de seis 
afios en enfermos cuyos esputo y/o lesiones resecadas contenian bacilos tuberculosos culti- 
vables. Trdétase de correlacionar los estudios de la resistencia en el laboratorio con los 
resultados clinicos tempranos y tardios. Parece que la mera presencia de microbios re- 
sistentes a las drogas reviste poca importancia con tal que se cuente con otros medica- 
mentos eficaces. Una droga eficaz parece suministrar proteccién contra la aparicién de 
complicaciones tuberculosas postoperatorias tempranas. Dos o mds drogas parecen suminis- 
trar mejor proteccién que una droga sola contra resultados poco satisfactorios tardios. Un 
importante factor que afecta los resultados tempranos y tardios es la proporcién de enferme- 
dad pulmonar, que refleja probablemente la cantidad de bacilos tuberculosos albergados 


por el huésped 


RESUME 


L’importance de la résistance bactérienne aux drogues dans les résections pulmonaires 


pour tuberculose 


Analyse des résultats de |’exérése pulmonaire pratiquée pendant une période de six 
années chez des tuberculeux, et qui ont permis d’observer la présence de bacilles de Koch 
cultivables soit dans les crachats et les fragments réséqués, soit dans l’un ou |’autre de ces 
prélévements. Les auteurs ont tenté d’établir une corrélation entre les études sur la ré- 
sistance in vitro et les résultats cliniques précoces et éloignés. Ils considérent que la simple 
présence de germes résistant aux drogues est de peu d’importance lorsque |’on dispose d’au- 
tres agents antibactériens efficaces. L’emploi d’une drogue efficace parait assurer la pro- 
tection contre l’apparition précoce de complications postopératoires tuberculeuses. L’asso- 
ciation de deux ou de plusieurs médicaments parait assurer une meilleure protection contre 
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l’éventualité de résultats éloignés défavorables que |’administration d’un seul médicament. 
Un facteur important influengant les résultats précoces ou éloignés parait étre |’étendue des 


lésions pulmonaires, traduisant le nombre de bacilles tuberculeux hébergés par I|’héte. 
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A. HIRSCH anp C. CATTANEO 
Received for publication August 24, 1956) 


INTRODUCTION 


Recent advances in the investigation of blood proteins, which were made pos- 
sible only by the development of newer research methods, did not result merely 
in a simplification of techniques, but also in greater accuracy and higher depend- 
ability in the interpretation of experimental results. However, although there has 
been some progress in research on proteins and lipoids, especially from the patho- 
physiologic point of view, considerable difficulties still persist with respect to 
protein-bound carbohydrates. 

These substances, which in themselves constitute no homogeneous fraction, are 
composed of hexoses and hexosamines bound as prosthetic groups to proteins and 
are found in various proportions in all serum protein fractions. On the basis of 
their chemica! composition, they may be separated (using Meyer’s now generally 
accepted terminology) into three classes, mucopolysaccharides, mucoproteins, 
and glycoproteins. 

Mucopolysaccharides are hexosamine-containing polysaccharides, which are 
chiefly bound to proteins, although they may also occur in free form. They in- 
clude acid polysaccharides, i.e., those containing an acid residue (usually 
uronic acid), in addition to the amino-sugar component; and neutral polysac- 
charides, i.e., those containing no acid residues. 

Mucoproteins are proteins in firm chemical linkage with mucopolysaccharides. 
They have a hexosamine content higher than 4 per cent and contain a hexose, 
usually galactose or mannose, as an additional carbohydrate constituent. 

Glycoproteins differ from mucoproteins in that their hexosamine content is less 
than 4 per cent. Investigations on individual protein fractions, using salting-out, 
ultracentrifugation, and electrophoretic procedures, consistently showed that all 
serum protein fractions contain polysaccharides, the highest proportions 
occurring in the alpha and beta globulins. This was confirmed by the investiga- 
tions of the present writers in the case of total nonglucosamine polysaccharides 
On the other hand, it was found that the highest proportion of nonglucosamine 
polysaccharides of mucoproteins occurred in the alpha; globulin fraction (1 

The clinical significance of the above carbohydrate fractions and of their altera- 
tions in a variety of diseases has long been recognized, the first paper by Greven- 
stuk having appeared in 1929. The problem was approached from a patho- 
physiologic angle by several workers, who found serum concentration increases 
in a most varied array of diseases involving inflammatory changes, destructive 
lesions, or new growth of tissue. The nature of the underlying process remains 

‘ From the Department of Biological Chemistry of the Clinica Tisiologica dell’Univer 
sita di Roma, Istituto Sanatoriale dell’ I.N.P.S. “Carlo Forlanini,”’ Rome, Italy 
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as yet poorly understood, although a number of individual features have been 
elucidated. Although some authorities believe such increases to be due solely 
to the connective tissue-ground substance undergoing depolymerization processes 
as a result of enzyme action brought about by foreign protein substances (2-5), 
others maintain that some kind of endocrine disorder, presumably acting as a 
stress factor, should be considered to play a primary role (6). However, it seems 
to be most likely that all such biologic factors, which may be regarded as nonspe- 
cific defense mechanisms, are jointly responsible, the intercellular ground sub- 
stance with its polysaccharide constituents yielding the necessary basic materials 
(7-9). 

Knowledge of the marked alterations in protein-bound carbohydrate serum 
concentrations shown to occur in inflammatory conditions, especially in diseases 
involving tissue destruction or new tissue growth, naturally led to an extension 
of such investigations to the field of tuberculosis. This disease, with its specific 
tissue changes, could reasonably be expected to affect seriously the biologic 
equilibrium of protein-bound carbohydrates. Thus, determinations of the various 
chemically separated components were carried out in tuberculous patients 
(total nonglucosamine polysaccharides (2, 4, 10-16); mucoproteins (2, 4, 17-19); 
and glucosamine (20-24), 2s well as in experimental tuberculosis (25, 26). The 
results of these investigations consistently showed the occurrence of marked 
increases in serum concentrations in all of the patients examined, the degree 
thereof clearly appearing related to severity, activity, and extent of the tuber- 
culous process. On the other hand, no relationship to the different pathologic 
types of tuberculosis could be detected. 

Modern laboratory procedures, especially electrophoresis, provided more ef- 
fective tools for investigating serum protein fractions. In particular, paper 
electrophoresis, a method enabling the specific staining of individual chemical 
residues in separated protein fractions, considerably widened the scope of re- 
search on protein-bound carbohydrates. However, while fairly numerous papers 
dealing with this line of research in connection with neoplastic and rheumatic 
diseases have already been published, no comprehensive studies in the field of 
tuberculosis seem to have been undertaken so far, except for a few occasional 
case reports. 

The present writers had the opportunity of carrying out a series of systematic 
researches of the various staining procedures and an assessment of the value and 
limits of the chemical, compared with the electrophoretic, method of estima- 
tion of blood serum carbohydrates (1). It is the purpose of the present paper to 
report the results thus obtained in connection with pulmonary tuberculosis in 
an attempt to elucidate some related biologic aspects, as has been previously 
the case with lipoid fractions (27). 


MATERIALS AND METHODS 
The present investigation was carried out in 150 hospitalized tuberculous patients, in 


none of whom was there any evidence of other complicating disease. Eighty-five of the pa- 
tients were males from twenty to sixty-five years of age, the remaining 65 being females 
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aged eighteen to sixty years. The results were compared with the normal values obtained 
in a series of clinically healthy subjects, as previously reported (1). 

On the basis of a clinical classification, the patients were grouped as follows: 

1) Far advanced disease, including caseous pneumonia, extensive exudative 
pulmonary tuberculosis, et cetera, i.e., febrile types of disease with severe de- 
terioration of the general condition 

2?) Moderately advanced disease, which included patients with extensive fibro 
caseous lesions and only moderately involved general disease and patients with 
predominantly fibrotic or fibro-cirrhotic lesions who were in good general condi- 
tion 

3) Minimal disease, i.e., healing infiltrations, tuberculomas, or fibro-cirrhotic 
lesions of limited extent, but with patients in good general condition. 

In addition, a few minor groups were also included for comparison. These comprised 
cases of pleural empyema (consequent upon long-standing pneumothorax or resulting 
from pleural tuberculosis, with or without bronchial fistula; of orthopedic tuberculosis, 
chiefly active mixed-type forms of joint and bone tuberculosis; and, finally, cases of con- 
comitant diabetes mellitus (blood sugar concentrations ranging from 200 to 300 mg. per 100 
ml 

The following chemical estimations were carried out: total nonglucosamine polysaccha- 
rides and nonglucosamine polysaccharides of mucoproteins by Graff-Greenspan-Lehman- 
Holechek’s method (28), using Roe’s anthrone reagent (29); glucosamine by Suedhoff- 
Petrovie’s method (30); mucoproteins by De La Huerga-Dubin-Kushner-Dyniewicz- 
Popper’s method (31). Each of the above-mentioned methods was used with the modifica- 
tions reported in a previous paper (1). 

For electrophoretic analyses, the present writers used the Gamma Mod. Eleart 11* 
apparatus for paper electrophoresis. The separations were carried out in a veronal sodium- 
sodium acetate-HC! buffer solution (pH 8.6, 1, 0.1) on Whatman No. | filter paper, using 
approximately 1 milliampere per strip for twelve hours. The three strips used for any one 
determination were stained with Amidoschwarz, 10B for proteins, with the double oxidation 
toluidine blue reaction for total protein-bound carbohydrates and the periodic acid Schiff 
reaction for mucoprotein fractions. A more detailed account of these techniques is given 


In & previous paper (1 


The results obtained in the various groups of the present series (expressed in 
mean values) are shown in table 1. For comparison, the mean values found in 
clinically healthy subjects are also tabulated along with their statistical limits: 


The total nonglucosamine polysaccharides appeared to be markedly increased 
in lung tuberculosis (50 per cent), increments being found in severe disease. In- 
creased values were also encountered in cases of pleural empyema, and still more 
clearly in patients with orthopedic tuberculosis. In tuberculous patients with com- 
plicating diabetes mellitus, no appreciable difference in the total nonglucosamine 
polysaccharide serum concentrations could be found, compared with those 
observed in other patients with a similar type of disease but free from diabetes. 
In general, there seems to be some kind of parallel between the behavior of total 


nonglucosamine polysaccharide serum concentrations observed and the clinical 


? Produced by the “Gamma” §.r.]., Rome, Italy. 
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picture, the degree of inflammatory exudative phenomena appearing as the 
predominant factor. 
The nonglucosamine polysaccharides of mucoproteins exhibited a similar be- 


havior pattern, their serum concentrations appearing to be increased by as much 


as 100 per cent in the more severe types of disease. 

In like manner, glucosamine concentrations were found to be markedly in- 
creased in accordance with the clinical type of disease, 102 per cent, increments 
being encountered in severe forms. The values for total protein-bound carbo- 
hydrates, being made up of total nonglucosamine polysaccharide pius glucos- 
amine, appeared to be correspondingly increased. 

The mucoproteins appeared to be the most “‘sensitive’’ fraction, increments 
by as much as 131 per cent being found in severe forms, in accordance with the 
clinical picture. 

The values for mucoproteins expressed as percentage of total proteins showed 
a pattern paralleling that of the mucoproteins as such, with 125 per cent incre- 
ments in severe cases. 

The results of electrophoretic analyses, equally expressed as mean values, are 
shown, along with the corresponding normal values, in table 2. 

The protidogram showed the well-known, typical alterations of the percentages 
of albumins and globulins as well as of the individual globulin fractions. These 
values have been included in the table to enable a better evaluation of the pa- 
tients and for comparison with data from specific staining procedures. 


A MINIMAL 
8 MODERATELY ADVANCED 
C FAR ADVANCED 


Fic. 1. Electrophoretic patterns of blood serum obtained by protein double oxidation 
toluidine blue (----) and periodic acid Schiff (....) staining from a normal control subject 
and from 3 patients with different types of pulmonary tuberculosis 
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The double oxidation toluidine blue reaction revealed a slight decrease in the 
albumin and beta globulin fractions, whereas the alpha, globulin fraction was 
markedly increased, and the alpha, and gamma globulins were slightly increased. 
There was an obvious relationship, chiefly in the case of the alpha; globulin 
fraction, with the severity of the disease. 

The periodic acid Schiff reaction showed no alteration of the albumin and 
gamma globulin fractions but a marked increase of the alpha; globulins, with 
corresponding reduction in the percentages of alpha, and beta globulins. Here 
also some degree of correlation was found between the values for alpha, globulins 
and the severity of the disease. 

For example, the results obtained in four electrophoretic analyses, in each of 
which the protein, double oxidation toluidine blue and periodic acid Schiff staining 
reactions were used, are shown in figure 1. For easier comparison, the three dia- 
grams have been superimposed on one another with their origins exactly coin- 
ciding. It may clearly be seen that, under pathologic conditions brought out by 
carbohydrate staining, reactions are by no means commensurate to those shown 
by protein fractions, the former representing far slighter deviations from normal 
values. Despite this, some degree of correlation between results and the severity 


of the disease was definitely present. 
DIscUSSION 


It has been found, in agreement with the results obtained by other workers 
using different procedures, that protein-bound polysaccharide serum concentra- 
tions are markedly increased in tuberculosis. An additional feature, which is 
also in accordance with the results reported by other writers (2, 4, 10, 12, 14, 
15, 19, 20, 22-24, 26), is the finding that a good correlation exists between the 


clinical picture and course of tuberculosis, on the one hand, and the behavior of 
total nonglucosamine polysaccharides and nonglucosamine polysaccharides of 
mucoproteins, as well as of glucosamine and of the mucoprotein fraction, on the 


other. 

Moreover, other workers observed a fundamental difference between the be- 
havior of the mucoproteins and that of total nonglucosamine polysaccharides. 
While mucoproteins were found to react promptly to the onset of morbid changes 
by a marked increase (8, 19), as did glucosamine (5, 20), total nonglucosamine 
polysaccharides exhibited a comparatively slower reaction pattern, their in- 
crease becoming apparent only after some time (19). This delayed response has 
been regarded as evidence that the increase in total nonglucosamine polysacch- 
arides is associated with the onset of the proliferative phase (32). In this connec- 
tion, it may be seen that alterations in the mucoprotein content are even more 
striking (2, 19), a result which, as in the case of glucosamine, has been con- 
firmed by the present investigations. 

Such differences in the degree of reactivity, however, are suggestive of different 
biologic functions, and this led to a study of the mode of distribution of the 
individual protein-bound carbohydrates in the various protein fractions. By 
calculating the relationship of the values obtained to the actual amount of each 
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TABLE 3 


Angles of Concordance Coefficients of Correlation 


Total Non 
tal Nonglu 
glucosamin lucos Muco ; 
P Gluce cosamine Glucosamine Mucopro 
olysaccha amine proteins | Polysaccharides 
rides 
Proteins 


Albumins —4] —15° — 23 —0.753 
Alpha, globulins +28 +15° +21 883 
Alpha, globulins +35 +16 +13 +0.819 
Beta globulins +51 +39° +27 +0.629 
Gamma globulins +47 +28 +43 +0. 682 


Double Oxidation Toluidine Blue 


+0) .342 


+0.276 


Albumins 

Alpha, globulins 
Alpha; globulins 52 3: +0.616 
Beta globulins +0.139 
Gamma globulins +0.208 


Periodic Acid Schiff 


Albumins —62 
Alpha, globulins 37 +25 
Alpha, globulins +53 
Beta globulins — 56 
Gamma globulins 


protein fraction, it was found that in normal subjects the highest proportion of 
total nonglucosamine polysaccharide is bound to the alpha, and beta globulin 


fractions, while that of nonglucosamine polysaccharides of mucoproteins is 
bound to the alpha, and alpha, globulins (1). In protein fractionation studies, 
using the salting-out method, the mucoproteins were found for the most part in 
the albumin fraction (15), a result largely accounted for by the nature of this 
technique, which can hardly be said to enable any sharp separation of the albumin 
from the alpha, globulin fraction. The results reported by other workers (2, 7—9) 
agree with those in the present study. 

The increase in protein-bound carbohydrates under pathologic conditions 
occurs in different degrees in the individual protein fraction: the more acute 
and exudative the disease, the more marked is the shift in favor of the fast- 
moving globulin fractions (7). This is well accounted for by the increase in low 
molecular proteids (a typical feature in such cases), which more easily permeate 
the capillary walls and may thus be found in increased amounts extravasally 
in serous inflammatory processes. 

Comparative studies on protein-bound carbohydrates and protein fractions 
carried out by several workers unfortunately yielded very little information con- 
cerning any closer relationship of their alterations, inasmuch as the increase of 
the carbohydrate and that of the globulin fractions both represent a like response 


| 
0.966 0.920 
+0. 966 +0.933 
961 +0.974 
+0.777 +-(). 89] 
+-(). 883 +0.731 
0.866 
+0. 669 
+0.848 
0.309 
+-(), 2902 
+0 .017 0.469 
+-0).799 +0. 906 
485 +-(). 602 
+(0).174 0.559 
+0). 292 +0.391 
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to the disease process. Similarities were found between the total nonglucosamine 
polysaccharides and the alpha, and gamma globulin fractions (13, 14, 33); be- 
tween glucosamine and the alpha and beta globulin fractions (24); and between 
mucoproteins and the gamma globulins (18). 

In order to investigate this problem, statistical analysis of the present data 
was also carried out. The results are shown in table 3. To demonstrate any possi- 
ble relationship, the comparison was not confined merely to data from protein- 
staining methods, but was extended to the results from specific carbohydrate 
staining procedures, i.e., the double oxidation toluidine blue and periodic acid 
Schiff reactions. Correlations between the mucoproteins and the specific stainings 
were not analyzed, as nonglucosamine polysaccharides of mucoproteins are 
included in the total nonglucosamine polysaccharides. If coefficients higher than 
0.6 are assumed to indicate good correlation, then all three groups were found to 
be in good correlation with the protein pattern, the best correlation obtaining 
in the alpha, and alpha, globulin fractions. In the case of the double oxidation 
toluidine blue reaction, a positive correlation was found between the total non- 
glucosamine polysaccharides and the alpha, globulin fraction as well as between 
glucosamine and the alpha, and alpha, globulins, whereas the albumins showed 
a negative correlation with glucosamine. The periodic acid Schiff reaction showed 
a positive correlation between the total nonglucosamine polysaccharides and the 
alpha, globulins, as well as between glucosamine and the alpha, and alpha, 
globulin fractions. Whereas with the double oxidation toluidine blue reaction the 
highest degree of correlation was found in the alpha, globulin fraction, in the 
case of the periodic acid Schiff reaction this occurred in the alpha, fraction. Al- 
though the correlations between the different values under study and the protein 
pattern did indicate the high degree of specificity for carbohydrates charac- 
terizing the alpha, and the alpha, globulin fractions, on the other hand, as pre- 
viously stated, they failed to allow any further conclusions. The specific staining 

actions, on the contrary, clearly showed the predominance of the alpha, frac- 
tion with the double oxidation toluidine blue stain and of the alpha, fraction with 
the periodic acid Schiff stain. However, since the latter reaction has been reported 
(1) to be almost specific for mucoproteins, the above-mentioned result might be 
regarded as further evidence that such substances chiefly migrate in the alpha, 
globulin fraction 

As all of these investigations were carried out in subjects with otherwise normal 
metabolism, it was thought advisable, in connection with the present carbohy- 
drate studies, to investigate such influences as might possibly be exerted by 
diabetes mellitus complicating tuberculosis. The views expressed by different 
workers on this subject vary somewhat. While a number of them found that no 
alterations in total nonglucosamine polysaccharide, glucosamine, and muco- 


protein serum concentrations resulted from uncomplicated diabetes mellitus 
(34, 35), others observed markedly increased total nonglucosamine polysaccha- 
ride (15) and glucosamine values, which dropped following insulin administration 
(36). On comparing the values found by chemical estimation in diabetic tuber- 
culous patients with those obtained in nondiabetic patients with equally severe 
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tuberculosis, the most significant difference noted consisted in a remarkably 
smaller increase of nonglucosamine polysaccharides of mucoproteins, whereas 
the protein moiety of the mucoprotein fraction appeared scarcely altered. 

With protein staining, electrophoretic analyses showed markedly lower values 
for gamma globulins and a slightly increased alpha, globulin fraction. With the 
specific double oxidation toluidine blue reaction, an increase of carbohydrates 
was found in the alpha, globulin fraction along with a reduction in gamma globu- 
lins, while the periodic acid Schiff reaction failed to reveal any appreciable 
changes. Although the number of cases in this group is too small to allow any 
definitive conclusions, the basic disorder seems to be in the nature of an altered 
behavior of the mucoprotein fraction as far as its carbohydrate moiety is con- 
cerned. 

From all of the writers’ investigations, consistent evidence has been found 
that an alteration in protein-bound carbohydrate balance occurs in tuberculosis. 
This alteration is in the nature of a marked increase, depending upon activity, 
extent, and severity of the tuberculous process, and may be looked upon as a 
nonspecific physiologic response. Exudation and tissue destruction, with asso- 
ciated toxemia, seem to be the most significant factors involved. 

Total nonglucosamine polysaccharide serum concentrations, as determined 
by chemical estimation, were found to be markedly increased. The increase of 
nonglucosamine polysaccharides of mucoproteins and of glucosamine was even 
more striking. A marked increase of the mucoprotein fraction was also present. 

Electrophoretic analyses using specific staining methods, i.e., the double 
oxidation toluidine blue reaction and the periodic acid Schiff reaction, showed 
alterations to be present mainly in the alpha; and alpha, globulin fractions. 
These alterations, however, appeared to be scarcely characteristic, so that they 
hardly enable any conclusions to be drawn concerning the clinical picture. Such 
carbohydrate staining procedures, at least so far as tuberculosis is concerned. 
cannot match the protein pattern in clinical and prognostic value, as the latter 
also allows an assessment of the pathologic-anatomic type of the disease. 

In patients with coincident diabetes mellitus, the total nonglucosamine poly- 
saccharides, glucosamine, and mucoprotein serum concentrations scarcely 
differed from those expected to occur in any case on the basis of the degree of 
severity of the tuberculous disease. Nevertheless, abnormal behavior of muco- 
proteins seems to occur in these cases, either as a result of impaired synthesis or 
increased breakdown of their carbohydrate moiety. 

The researches of the present investigators definitely show the study of pro- 
tein-bound carbohydrate in blood serum to be of clinical interest, although, for 
practical purposes in routine clinical work, the chemical estimation of muco- 
proteins—a procedure hardly involving any technical difficulty—is probably 
sufficient. For special investigations, however, the estimation of the individual 
components is, of course, indispensable. On the other hand, electrophoretic anal- 


ysis using carbohydrate stainings can be of little help, at least in the field of 
tuberculosis, as the results thus obtained are nonspecific. Such information may 
be of assistance in supplementing clinical findings, thereby allowing a fuller 
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assessment of the disease, especially with respect to the activity of the tubercu- 
lous process. Nevertheless, the results of carbohydrate stainings after electro- 
phoretic analysis are of very little diagnostic and prognostic value. 


SUMMARY 


Protein-bound carbohydrate serum concentrations in pulmonary tuberculosis 
have been investigated by chemical quantitative estimation and electrophoretic 
analysis. 

It has been found that total nonglucosamine polysaccharides, nonglucosamine 
polysaccharides of mucoproteins, glucosamine, and mucoprotein serum concen- 
trations stand in close relationship to the clinical picture and course. Therefore, 
their changes, although representing merely a nonspecific physiologic response, 
may be of aid in assessing the activity, extent, and severity of the tuberculous 
process. The findings obtained by use of the specific carbohydrate stainings after 
paper-electrophoretic separation of serum proteins are noncharacteristic. 

The study of correlation coefficients showed, in the case of protein-bound 
carbohydrates, the predominance of the alpha, and alpha, globulin fraction, 
mucoproteins reaching their highest proportion in the alpha, globulins. 

In cases of tuberculosis with coincident diabetes mellitus, there was an altered 
behavior of mucoproteins as far as their carbohydrate moiety was concerned. 


SUMARIO 
Los Hidratos de Carbono F ijados en Proteina del Suero Sanquineo en la Tuberculosis Pulmonar 


Las concentraciones séricas de hidratos de carbono fijados en proteina fueron investi 
gadas en la tuberculosis pulmonar con el célculo cuantitativo quimico y el andlisis electro 
forético 

Se observé que las concentraciones séricas de polisacdridos ho glucosaminicos totales, 
polisacdridos no glucosaminicos de mucoproteinas, glucosamina y mucoproteina guardan 
intima relacién con el cuadro clinico vy la evolucién; por consiguiente, sus alteraciones 
aunque representando meramente una respuesta fisiolégica anespecifica—pueden ser de 
ayuda para justipreciar la actividad, extensién y gravedad del proceso tuberculoso. Son 
atipicos los hallazgos obtenidos con el uso de las coloraciones especificas de hidratos de 
carbono después de la separacion electroforética con papel de las seroproteinas 

El estudio de los coeficientes de correlacién revelé, en lo tocante a los hidratos de carbono 
fijados en proteina, el predominio de la fraccién de globulina a vy a2, aleanzando las muco 
proteinas su mayor proporcién en las globulinas a 

En casos de tuberculosis coexistente con diabetes azucarada, hubo una alteracién del 


comportamiento de las muc oproteinas en lo relativo a su fraccién hidrocarbonada 


RESUME 
Le comportement des glucoprotéides dans la tuberculose pulmonaire 


Les auteurs ont recherché les concentrations sériques des glucides liés aux protéides dans 
la tuberculose pulmonaire a l'aide de déterminations chimiques quantitatives et d’analyses 
par l’electrophori es sur papier 

Il a été observé une corrélation étroite entre les valeurs totales des concentrations 
sériques des polysaccharides non glucosaminiques et des polysaccharides non glucos 
aminiques des mucoprotéines et les manifestations cliniques et l’évolution de la tuberculose 


pulmonaire En consequence les variations observées, bien qu’elles ne représentent que des 


PROTEIN-BOUND CARBOHYDRATES OF BLOOD SERUM IN TUBERCULOSIS 805 


réactions physiologiques non spécifiques, facilitent |’évaluation de |’étendue et de la sévé 
rité du processus tuberculeux. Les résultats de la coloration spécifique des glucides apres 
séparation des protéines sériques par |’électrophorése sur papier ne sont pas caractéris 
tiques. 

L’étude des coefficients de corrélation montraient, dans le cas des glucoprotéides, la 
prédominance des fractions de globuline alpha: et alphas; le groupe des mucoprotéines 
atteignant son pourcentage el plus élevé dans la fraction alpha. 

Dans la tuberculose avec association de diabéte sucré les caractéristiques de la fraction 
glucidique des mucoprotéines étaient altérées 
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THE SENSITIVITY OF HUMAN LEUKOCYTES TO 
OLD TUBERCULIN':®' 


H. E. HALL anp M. SCHERAGO 
(Received for publication August 9, 1956) 


INTRODUCTION 


The inhibition of the migration and growth of cells from tuberculous animals 
by tuberculin in vitro was first clearly demonstrated in 1928 by Rich and Lewis 
(1). Their findings have been confirmed and extended by a number of investi- 
gators (2-11). It has been shown that the cells of various tissues from certain 
species of laboratory animals are sensitive to tuberculin in vitro if the animals 
are tuberculous or have been sensitized to tubercle bacilli. The specificity of 
this sensitivity and its relationship to the tuberculin skin reaction and also the 
protein nature of the antigen have been established. 

Reports of studies in which human leukocytes have been used include the 
rather inconclusive report of Holst (12), the preliminary report of Hall and 
Scherago (13), and the more detailed report of O’Neill and Favour (14). The 
last study will be considered subsequently in greater detail. 

The present study is an extension of the one on which a preliminary report 
was made (13) and deals with the in vitro tuberculin sensitivity of the leukocytes 
of tuberculous and nontuberculous humans. 


MATERIALS AND METHODS 


Leukocyte Donors 


The leukocyte donors used in this study fit into the following classifications: 
I. Tuberculous 
A. Those with active pulmonary tuberculosis 
Those with far advanced tuberculosis 
Those with moderately advanced tuberculosis 
Those with minimal tuberculosis 
B. Those with inactive pulmonary tuberculosis 
II. Nontuberculous 
A. Those who were ill but without proved tuberculosis 
B. Those who were apparently healthy and who had positive tuberculin skin 
reactions 
C. Those who were apparently healthy and who had negative tuberculin skin 
reactions 


‘From the Department of Bacteriology, University of Kentucky, Lexington, Ken 
tucky 

? This report is taken from a dissertation submitted by the senior author in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy at the University 
of Kentucky, Lexington, Kentucky. 

* This study was supported in part by a research grant, No. H-2422, from the National 
Institutes of Health, U. S. Public Health Service; and in part by a grant from the Ohio 
Valley Allergy Society 
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The donors with active pulmonary tuberculosis were patients in two tuberculosis sana- 
toriums and in a mental hospital. They were classified into the three subgroups on the 
basis of roentgenographic findings. 

The donors with inactive pulmonary tuberculosis were volunteers from the local com 


munity who had been hospitalized previously for tuberculosis. The classification of inac 
tivity was based on the presence of a stabilized roentgenographic picture. It is unfortun 
ate for the clear definition of this group that with some of the subjects active tuberculosis 
cannot be absolutely excluded because they failed to report for some of their later follow- 
up examinations. All subjects in this group who were tested had positive tuberculin skin 


reactions. However, nearly half the group could not be or did not wish to be skin tested 

The donors who were ill but supposedly nontuberculous were ambulatory patients 
from a local general clinic, mental patients, and tuberculosis sanatorium patients. Only 
the last group had been definitely proved nontuberculous 

The apparently healthy skin-test-positive donors were students at the University of 
Kentucky. Differentiation between these donors and those with inactive tuberculosis 
was based on clinical history. Only subjects who had never been clinically diagnosed as 
tuberculous were included in this group. Other student volunteers who had at some time 
been hospitalized or treated at home for probable tuberculosis were included in the in- 
active group 

The apparently healthy skin-test-negative donors were also student volunteers. All 
were skin tested by means of the patch test, and most of the negative reactors were re 
tested intradermally with Old Tubereulin (OT) in dilutions of 1:10,000 and 1:1,000 


Tissue Culture Technique 


In order to prevent injury to the leukocytes while the blood was being drawn and dur 
ing subsequent handling, all surfaces with which the blood was to come in contact were 
rendered nonwettable, as suggested by Tullis and Rochow (15). The needles were coated 
with Arquad C,* and the syringes, glass columns, and glass tubes with Dri Film SC-77.5 

Freshly drawn venous blood was decalcified by passing it through a glass column con 
taining Amberlite XE-132.* Three or four milliliters of the decalcified blood were centri 
fuged for ten to twenty minutes at 400 g. The plasma was removed and recentrifuged. The 
platelet-leukocyte layer (buffy coat) was washed and coagulated with Tyrode’s solution 
and removed to a bath of Ringer’s solution. It was then cut into small pieces, approxi 
mately 1 mm. square, and placed in a bath of iced Ringer’s solution until used 

The recentrifuged plasmas from several specimens were pooled, and the tissue culture 
media were prepared by adding appropriate volumes of the test reagents to 0.5 ml. vol 
umes of the pooled plasma and then adding enough Tyrode’s solution to make the final 
volume | ml 

Four media were usually prepared for each test: Plasma-Tyrode’s mixture (P-T), P-T 
plus glycerol broth, P-T plus OT, and P-T plus control filtrate. The glycerol broth’ was 
uninoculated broth of the same composition as that which had been used in producing the 
OT. It was used at ten times the concentration of the OT. The OT*® was used in a final 
dilution of 1:100, 1:150, or 1:200, depending upon the strength of the particular lot as 
determined by titration, using the leukocytes of apparently healthy subjects. The control 
filtrate was a Seitz-filtered glycerol broth culture of Mycobacterium avium or of Mycobac 


* Arquad C, manufactured by Armour and Company, Chicago, Illinois 

* Dri Film SC-77 (was 9977), manufactured by General Electric Co., Pittsfield, Mas 
sachusetts 

* Amberlite XE-132, manufactured by Rohm and Haas Co., Philadelphia, Pennsyl 
vania (no longer available; use IRC-50 and convert to pH 7.4) 

? The formula was kindly supplied by Dr. Brigham of Parke, Davis and Co., Detroit, 
Michigan. 

* Old Tuberculin was Bio. 491, Parke, Davis and Co., Detroit, Michigan 


SENSITIVITY OF HUMAN LEUKOCYTES TO OLD TUBERCULIN 809 


terium phlei. The cultures used in the preparation of the control filtrates were obtained 
from the stock culture collection of the Department of Bacteriology, University of Ken- 
tucky. 

Each tissue culture was prepared by placing a large drop of culture medium on the 
center of a cover glass and spreading it to cover an area 18 mm. in diameter. Into this 
were placed four of the 1 mm. square pieces of buffy coat so that they formed a small 
square in the center of the culture medium. A tissue culture slide’ was appropriately 
labeled, lightly touched with Vaseline® in two places where contact would be made 
with the cover glass, and inverted over the culture. Gentle pressure was applied to stick 
the cover glass to the slide which was then set aside to allow the plasma to clot. When 
this had occurred, the slide was righted and the cover glass sealed in place with a mixture 
of 95 parts of low melting point paraffin and 5 parts of Vaseline. Duplicate cultures were 
prepared for each test condition. The slides were then placed in the 37°C. incubator for 
eighteen to twenty-four hours. 

Using the 16 mm. objective of the microscope and an ocular micrometer, the amount 
of migration was determined by measuring the distance that the leukocytes had traveled 
from the edge of the piece of buffy coat. Two such measurements, at right angles to each 
other, were made for each piece. These were expressed in ocular micrometer units and the 
average of the 16 measurements of the migration from the eight pieces of buffy coat ex 
posed to each test condition was recorded as the migration figure for that specimen 

The degree of inhibition of migration was expressed as a ratio, the cytotoxic index, 
obtained by dividing the migration figure for P-T plus OT by the migration figure for P-T 
plus glycerol broth 


RESULTS 


The leukocytes of 509 subjects were tested for sensitivity to tuberculin. In 


most cases (94 per cent) only one specimen was obtained from each subject. In 


the few cases in which two or more specimens were tested, the average cytotoxic 
index was used in the results. The results of the multiple tests on one control 
subject whose leukocytes were tested eighteen times over a period of two years 
will be discussed later. Some representative records of migration studies are 
given in table 1. The complete data for all subjects tested are available at the 
Department of Bacteriology, University of Kentucky. 

A considerable degree of variation was noted between the migration figures 
for different subjects whose leukocytes were cultured in the same pooled plasma. 
However, in most cases these differences were consistent in that, if the migration 
figure for P-T was relatively high, it was also high for P-T plus glycerol broth, 
OT, and culture filtrate. 

No consistent differences were noted between the migration figures for tuber- 
culous and nontuberculous subjects except in the presence of OT. In this respect 
the results of this study are in agreement with the findings of Waksman (11) 
rather than with those of Lasfargues, Boquet, and Delaunay (16), since no evi 
dence of a loss of vitality of the cells associated with tuberculosis was found. 

Occasionally the migration in P-T was much greater than in P-T plus glycerol 
broth, OT, and culture filtrate (for example, Cases K189, ES35408, and ES- 
35440) and occasionally the reverse was true (for example, Cases K160, K166, 
K170, and K174), but in most cases the migration was quite similar resembling 
that seen, for example, in Cases ES35425, K165, P2221, et cetera. 


* Manufactured by A. H. Thomas Co., Philadelphia, Pennsylvania, #7047 
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TABLE 1 
REPRESENTATIVE Recorps oF MIGRATION StTupIEes 


c Average Migration in 
ase Incu OT Con Ocular Micrometer Units 


thor 
centration 
© 


Number Condition 


K 166 


K170 
K174 366 368 


ES35425 260 
ES35408 26 480 
ES35440 ) 26 620 


K159 < 356 385 
K160 : 595 
K162 288 
K165 3S: 401 


K189 : 606 | 670 

P2326 405 523 0.7% 
P2026 y 478 480 0.8 
P2221 403 568 0. 
P2291 ( S4! 8 657 799 0 
P2374 595 0.92 


= Plasma-Tyrode’s medium Inactive tuberculosis 

= P-T plus glycerol broth ] Mental patient (nontuberculous) 

= P-T plus Old Tuberculin Apparently healthy, skin test posi- 
tive 

= P-T plus M. avium filtrate Apparently healthy, skin test 
negative 

= Cytotoxic index Moderately advanced tuberculosis 

= Index of effect of culture fil- Far advanced tuberculosis 

trate 


Of the 509 subjects whose leukocytes were tested for tuberculin sensitivity, 
297 were tuberculous and 212 were nontuberculous. An analysis of the results 
of the tests on these subjects is given in table 2. The leukocytes of 245 of the 
509 subjects studied were also tested with either M. avium or M. phlei culture 
filtrate. Of the 245 so tested, 138 were tuberculous and 107 were nontuberculous. 
An analysis of the results of these tests is given in table 3. 

It may be seen from these analyses that the leukocytes of the subjects in the 
apparently healthy tuberculin skin-test-negative group were significantly less 
sensitive to tuberculin than those of the subjects in all of the other groups (p 
values ranging from 0.001 to 0.000,000,001). On the other hand, there were no 
significant differences in the sensitivities of the leukocytes of the various groups 
to the filtrates of WM. avium and M. phlei cultures (p values ranging from 0.25 
to 0.84). In the case of the leukocytes of the tuberculous subjects an increased 
sensitivity to tuberculin, as indicated by a decrease in the p values, appeared to 


SLO 
P-T GB oT cr 
howrs 

1/11/54 | \ 23 1/100 375 421 | 399 | 304 0.95 0.93 

400 0.90 1.00 

7/4/H4 240 1.13 1.04 

540 0.98 1.10 

630 0.94 0.94 

8/10/54 367 1.08 1.08 

599 0.95 0.95 

281 0.94 0.90 

394 1.03 1.02 

11/27/55 1.04 

0.94 

0.90 

0.99 

0.94 

1.08 
P-T 
GB 
OT 
CF 
Cl 

CF/GB 
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TABLE 2 


Critical Ratios PrRoBABILITY VALUES FoR THE Errect or OLD TUBERCULIN ON THE 
LEUKOCYTES OF TUBERCULOUS AND NoONTUBERCULOUS SUBJECTS 


Groups N x s >x Sp SA | CR 


Healthy, skin test negative 51 /101 4 


7.80) 3,042.35 

Healthy, skin test positive 54 | 96.0) 7.36 2,874.00, 7.59,1.51) 3.57|<0.001 
Ill, not tuberculous 107 | 95.7) 8.44 7,546.67) 8.231 07|<0.000,1 
Inactive tuberculosis 67 | 95.0:10.92) 7,870.50) 9.691 3.68 <0.001 
Minimal tuberculosis 17 | 87.217.39) 4,840.47 10.92:3.06 64 <0.000,01 
Moderately advanced tuber- 

culosis 5 84.7)11.84 7,851.25 10.13 1.92 70 <0.000,000,001 
Far advanced tuberculosis 56 | 79.6 11.0018,721.44 10.25. 1.64 13.22 <0.000,000,001 


N = Number of individuals; X = Mean; S = Standard deviation 
8S, = Pooled deviations; SA = Standard difference; p = Probability 
Xi — Xe 
Critical ratio (CR) is found from the expression CR = - 

Standard difference is found from the expression SA = 8S, 4 


Pooled standard deviation is found from the expression 8S, = 


Standard deviation is found from the expression 8S = \ 
Probability values are taken from Fisher and Yates (17 


TABLE 3 
Critical Ratios AND PROBABILITY VALUES FOR THE Errect or CULTURE FILTRATES OF 
VW. Avium or M. Phlei on Tue Leukocytes or TUBERCULOUS AND 
NONTUBERCULOUS SUBJECTS 


Groups 


Healthy, skin test negative 25 | { , 299.19 
Healthy, skin test positive 98 .! 435.50 


Ill, but not tuberculous j .65 3,926.52 


Inactive tuberculosis 572.80 
Minimal tuberculosis 9 | 98.: 568 .00 
Moderately advanced tubercu 

losis 3 95.: 2,077.33 
Far advanced tuberculosis 96 10,515.19 


Footnotes: see table 2 
be associated with the severity of the disease, as indicated by the roentgeno- 
graphic classification. There was no similar decrease in the values of p in the 
analysis of the effects of the culture filtrates which would seem to add support 
to the observation that loss of leukocytic vitality is not responsible for the inhibi- 
tion of migration. 

The mean cytotoxic index for the tuberculin skin-test-negative group (X,) 


811 
p 
l 
DXi + 
4 Ni + N: — 2 
pfx)? 
/ N 
N l 
N x >x* S; Sa CR p 
8.17 | 3.35 0.98 0.32 
7.63 2.98 0.20 0.84 
7.70 | 2.07 1.15 0.25 
10.18 1.34 0.67 0.50 
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TABLE 4 
DisTRIBUTION oF THE CytToTroxic INDICES oF THE TUBERCULOUS AND 
NONTUBERCULOUS SUBJECTS 


Cytotoxic Index Ranges 


4 5 


Group 


0.56-0.65 0.66-0.75 0.76-0.85 0.86-0.95 0.96-1.05 


Tuberculosis 
Far advanced 56 11(7°)) 41 (26% ) 636 6(4%) | 3(2%) 
Total (71% Total (29°%) 
Moderately 
advanced 57 0 13(23°7 ) >) 13 (2 5(9%) | 2(38%) 
Total (62° Total (38°) 
Minima 7 6% 4(23°%)) 1(6°%) 
Total (47° Total (& 
Inactive 0 10(15° : 21 (31%, 
Total (21% Total (7 
Nontuberculous 
disease 
Ill, not tuber 
culous rf 0 36 28°, ) 54 (51% 
Total (12% Total | 
Apparently 
healthyv-+ 5 : 21 (39; 
Total 
Apparently 
healthy 0 0 
Total (2% Total 


or 


ve 


was 101.4 and the standard deviation (S,) was 7.80. Therefore, any cytotoxic 
index below 0.86 (X,; — 2S,) can be considered to be due to specific tuberculin 
sensitivity. Since all of the subjects other than those in the “tuberculin skin- 
test-negative” group and some of those in the “ill, but not tuberculous” group 


were skin test positive, it might have been expected that their leukocytes would 


show specific tuberculin sensitivity. Certainly, it might have been expected 
that the leukocytes of all of the subjects with active tuberculosis would show 
such sensitivity. However, this was not the case. 

In order to better study the distribution of the cytotoxic indices of the sub- 
jects in all of the groups, the indices were arranged in eight ranges of increments 
of ten units (0.46 to 0.55, 0.56 to 0.65, et cetera) so that a separation was made 
between the cytotoxic indices 0.85 and 0.86 (table 4 and figures 1 and 2). 

A study of the distribution of the cytotoxic indices of the tuberculous subjects 
reveals what appears to be a definite relationship between the amount of lung 
involvement, as indicated by the roentgenographic classification, and the sensi- 
tivity of the leukocytes to tuberculin. A higher percentage (71 per cent) of the 
156 subjects with far advanced tuberculosis had indices below 0.86. Furthermore, 
only subjects in this group had indices in the lowest range (0.46 to 0.55). Of the 
57 subjects with moderately advanced tuberculosis, 62 per cent had indices below 
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Num 
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&& | 1.16-1.25 
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2(3% 
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0.86; and, of the 17 subjects with minimal tuberculosis, 47 per cent had indices 
below 0.86. The leukocytes of only 21 per cent of the 67 subjects with inactive 
tuberculosis gave indices below 0.86. 

In the early part of this study (13) it appeared that there was no appreciable 
difference in the leukocytic sensitivity of the healthy nontuberculous individuals 
who were skin test positive and those who were skin test negative. However, 
with the accumulation of data on a larger number of such individuals, distribu- 
tion of their cytotoxic indices and of those of the individuals who were “‘ll, but 
not tuberculous”’ indicates that there were slight but definite differences in their 
sensitivities. 

All three groups differed from the tuberculous groups in that most of their 
indices, 91.0 per cent, fell in the ranges above 0.85. In addition, the two skin-test- 
positive nontuberculous groups differed from the tuberculin skin-test-negative 
group in that more of the individuals had indices below 0.86, 12 per cent for the 
“ill” and 9 per cent for the “tuberculin skin-test-positive” as compared with 2 
per cent for the “‘skin-test-negative” group. The one individual in the “skin-test- 
negative” group whose cytotoxic index was below 0.86 had an index of 0.85. 
This index appeared to be due more to excessive migration in glycerol broth (541 
micrometer units as compared with 424 for P-T, 410 for culture filtrate, and 459 
for OT) than to any specific tuberculin sensitivity. Unfortunately, the subject 
was not available for retesting to determine whether or not such a low index was 
consistent. Since other cases in which a high migration figure for glycerol broth 
occurred were included (Case K160 in table 1, for example) in the results, this 
one was also retained. 

An additional indication that the leukocytes of the “‘skin-test-negative” group 
were less affected by tuberculin than those of the other two nontuberculous 
groups is given by the fact that 80 per cent of the indices of this group fell above 
0.95 while only 50 per cent of the indices of the “‘skin-test-positive” group and 
60 per cent of the “ill” group were so distributed. 

In migration inhibition studies in which cells from tuberculous animals or 
animals sensitized to M. tuberculosis or its products had been used, a clear-cut 
differentiation between the sensitivities of the leukocytes of tuberculous and 
nontuberculous animals was obtained. 

The results of the study by O’Neill and Favour and of the present study on 
leukocytes from human subjects do not give a comparable differentiation. Never- 
theless, when the distribution of the cytotoxic indices of the actively tuberculous 
individuals was compared with that of the nontuberculous ones, it was found 
that, although there was not as clear-cut a differentiation as that reported for 
animal studies, there were marked differences in the leukocytic sensitivities 
of these groups. 

If any cytotoxic index below 0.86 is considered to be indicative of specific 
tuberculin sensitivity (a positive (+) sensitivity test, in other words) and any 
cytotoxic index above 0.95 as indicative of a lack of specific sensitivity (a nega- 
tive (—) sensitivity test), marked differences are found in the distribution of 
the indices of actively tuberculous and nontuberculous individuals. 
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Of the 230 individuals with active tuberculosis, 154 (67 per cent) were positive 
as compared with 19 (9 per cent) of the 212 nontuberculous individuals. Con- 
versely, only 23 (10 per cent) of the tuberculous individuals were negative as 
compared with 132 (62 per cent) of the nontuberculous. Fifty-three (23 per cent) 
of the 230 individuals with active tuberculosis and 61 (29 per cent) of the 212 
nontuberculous individuals fell in the range 0.86 to 0.95 which, if this were a 
clinical test, might be considered as the range indicative of a doubtful (+) sensi- 
tivity test. 

The cytotoxic indices that fell in this range (0.86 to 0.95) may have done so 
for a variety of reasons. In the tuberculous individuals, some of the indices 
within this range may have been due to a low degree of sensitivity because the 
individuals were tested at a time when sensitivity was just developing or was 
on the wane because the disease was approaching an inactive state. In the non- 
tuberculous individuals with positive skin reactions, some of the indices within 
this range may have been due to a residue of sensitivity following sensitization 
by a subclinical tuberculous condition. In both groups of individuals, many of 
the cytotoxic indices may have fallen in this range because of nonspecific effects 
which were in no way related to the effect of the tuberculoprotein. Whatever 
the reason for the presence of the indices in this range, it is interesting to note 
that the distribution of the indices is more nearly equal in this range than in 
any other (table 4 

The cytotoxic indices of the individuals with inactive tuberculosis were not 
included in this comparison because, by definition, these individuals did not 
belong in the groups with active tuberculosis nor did they fit into the nontuber- 
culous groups. 

As was previously mentioned, the leukocytes of one individual were tested a 
number of times. Eighteen multiple tests were performed on this individual over 


a period of two years during which time the subject was in good health and 
maintained a strongly positive tuberculin skin reaction. The results of these 


tests are given in table 5. The multiple tests resulted from the frequent use of 
the subject’s leukocytes for control purposes, both in comparison with those of 
tuberculous individuals and in conjunction with those of other healthy individ- 
uals in the titration of new lots of OT. 

The cytotoxic indices ranged from 0.92 on December 8, 1954, to 1.18 on April 
29, 1955, witha mean of 1.02. The results of two separate tests that were made on 
the same blood specimen, those of July 16, 1954, are included in the table. The 
migration distances of the two tests were quite similar and the cytotoxic indices 
differed by 0.06. The two tests that were performed on October 11, 1955, on the 
other hand, were made with two different blood specimens, one obtained in the 
morning, the other in the afternoon. The migration distances for these two tests 
varied by more than 100 micrometer units and the cytotoxic indices differed by 
0.09. 

Calculation of the ratios of the P-T plus glycerol broth to P-T and of the 
P-T plus OT to P-T reveals that there was usually less migration in the presence 
of these substances than in the P-T medium alone. In those cases in which this 
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TABLE 5 
Resu.its or Tests oN AN APPARENTLY Supsect (K100 


Migration Figures Ratios 


Concentratior 
Date of Test 


O 


1,000 
1,000 
200 
200 
100 
100 
100 
100 


ot t 
og 


100 
100 
100 
100 
100 
100 
100 
100 
200 
150 


= Plasma-Tyrode’s medium 
P-T plus glycerol broth 
P-T plus Old Tuberculin 
GB/P-T = P-T plus glycerol broth plasma-Tyrode’s 
OT/P-T = P-T plus Old Tuberculin/plasma-Tyrode’s 
CI = (Cytotoxic index (P-T plus Old Tuberculin/P-T plus givcerol broth 


was not true, the migration in both substances was usually greater than in the 
P-T medium (July 16, 1954; February 27, 1956). 

In the tests that gave high indices (1.16, 1.18) the migration in P-T plus 
glycerol broth was comparatively less than that in P-T plus OT and much less 
than that in P-T, which probably indicates the presence of some nonspecific 
toxicity in the glycerol broth control in those tests. In the test that gave the 
lowest index (0.92), both the P-T plus glycerol broth and the P-T plus OT were 
lower than that in P-T alone. 

There was an increase in the migration distances obtained during the latter 


part of the study. This is probably due to factors connected with the performance 


of the test. For example, at the beginning of the study 3 ml. volumes of blood 
were used and, after about a year, 4 ml. volumes. It is also probable that the 
technique improved with practice. A similar increase in migration distance was 
noted with tests on other individuals carried out over the same period 


Dise USSION 


The technique used in this study was an exacting one but no more so than are 
other tissue culture methods. When careful attention was given to the basic 
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P.T GB OT GB/P-T OT/P-T 
l 376 279 299 0.74 0.79 1.07 
l 482 369 $27 0.77 0.89 1.16 
l 378 381 373 1.01 0.99 0.98 
ly l 445 382 402 0.86 0.91 1.05 
578 10S 403 0.71 0.70 0.98 
»/18/o4 l 190 495 499 1.01 1.02 1.01 
7/16/54 l 248 266 279 1.07 1.12 1.05 
7/16/54 l 258 284 281 1.10 1.09 0.99 
7/27/54 458 419 $4] 0.92 0.97 1.05 
9/14/54 l 493 511 193 1.04 1.00 0.96 
12/8/54 l 609 512 173 0.84 0.78 0.92 
3/2/55 l 779 710 681 0.91 0.88 0.96 
3/18/55 l 610 560 560 0.92 0.92 1.00 
4/29/55 l 700 550 651 0.79 0.94 1.18 
10/11/55 l 473 $29 446 0.91 0.94 1.04 
10/11/55 l 667 5A7 520 0.82 0.78 0.95 
10/31/55 l S15 763 730 0.93 0.90 0.96 
2/27/56 1 870 905 975 1.04 1.11 1.08 
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principles of tissue culture procedure, as discussed by Cameron (18) and Parker 
(19) (the use of chemically pure reagents, meticulously cleaned glassware, and 
solutions of the proper pH), good migration was usually obtained. Any failure 
to follow these precepts, however, usually resulted in poor migration and evi- 
dence of toxic effects upon the cells. 

Variations in migration distances, other than those caused by the specific 
effects of the OT were sometimes a problem. Three types of such variations were 
noted: (/) differences in the migration figures obtained for different individuals 
when their leukocytes were cultured in the same pooled plasma media, (2) differ- 
ences in the migration figures obtained for the same individual when his leu- 
kocytes were cultured in different pooled plasma media, and (3) differences in 
the migration distances for different pieces of buffy coat from the same individual 
when cultured in the same pooled plasma medium. 

The first two types of variation did not affect the results because no direct 
comparisons were made between the migration figures for different individuals 
or between two or more sets of migration figures for the same individual. The 
third type of variation did affect the results and caused considerable difficulty 
in the early part of the study. 

These variations were found to be due usually to differences in the size and/or 
the cellular content of the different pieces of buffy coat. A thick 1 mm. square 
piece of buffy coat that contained a high percentage of polymorphonuclear 
leukocytes gave a much larger migration distance than a thin piece with the 
same percentage. Similarly, a 1 mm. square piece gave a larger migration distance 
than one that was 0.5 mm. square provided the cellular composition of the squares 
was the same. In some cases, after centrifugation, the buffy coats appeared ir- 
regular in contour and, when these were cut, some of the pieces were found to 
contain a high percentage of polymorphonuclear leukocytes while others were 
composed mostly of platelets and lymphocytes. These latter pieces always gave 
very small migration distances regardless of their relative size. 

When the pieces of buffy coat were carefully selected for size and appearance, 
consistent and reproducible results could be obtained. Since, in most cases, it 
was impossible to obtain enough pieces that were identical for a whole series of 
slides, the pieces of buffy coat were selected so that in each culture there were 
four pieces with counterparts in all of the other cultures. 

The results of the present study indicate that the leukocytes of tuberculous 
subjects are significantly more sensitive to tuberculin than are those of non- 
tuberculous subjects. Similarly, the leukocytes of tuberculin skin-test-positive 
subjects and those of an unselected group of ambulatory ill subjects without 
proved tuberculosis were also significantly more sensitive to tuberculin than 
were those of apparently healthy tuberculin skin-test-negative subjects. How- 
ever, the fact that leukocytes of so many subjects with active tuberculosis were 
not sensitive to tuberculin was an unexpected and interesting finding. 

In this respect the results are in agreement with the findings of O’Neill and 
Favour (14). The method of testing used in the present study, however, seems 
to have been less influenced by the plasma factor mentioned by these writers, 
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who obtained significant differences in tuberculin sensitivity only when they 
used homologous plasma. The use of the pooled plasma from the subjects being 
tested as the culture medium made it certain that the leukocytes of tuberculous 
subjects were always cultured in plasma from tuberculous subjects. However, 
the leukocytes of the apparently healthy subjects, both skin test positive and 
skin test negative, that were used as controls were also cultured in media con- 
taining plasma from tuberculous subjects. The composition of the plasma media 
varied with the test, depending upon the numbers and types of individuals being 
tested. Sometimes it contained only tuberculous plasmas; at other times, plasmas 
from only two individuals (one tuberculous and one not); and at still others, 
the ratio of tuberculous to nontuberculous plasma was as high as seven to one. 
Under these varied conditions the leukocytes of the nontuberculous individuals 
were usually not injured by tuberculin. 

O’ Neill and Favour (14) point out that “It has been found that in vitro observa- 
tions of many types do not support the widely held belief that all cells of the 
tuberculous host are tuberculin sensitive.” The present writers have observed 
that not all of the polymorphonuclear leukocytes of individuals with tuberculosis, 
even with far advanced disease, are sensitive to tuberculin. On numerous occa- 
sions when the cultures were examined macroscopically, marked differences in 
the size of the zones of migration were observed between the cultures containing 
glycerol broth and those containing OT; yet, when the zones were measured 
microscopically, enough of the leukocytes were found to have been unaffected 
by the tuberculin to yield a relatively high cytotoxic index. It cannot be deter- 
mined, therefore, whether the significant differences in tuberculin sensitivity 
which were observed were due to different degrees of cellular sensitivity or to 
differences in the percentage of sensitive cells. 

The failure of the leukocytes of 79 per cent of the subjects with inactive disease 
and 91 per cent of the apparently healthy tuberculin skin-test-positive subjects 
to show specific tuberculin sensitivity indicates that the leukocytes of sensitized 
individuals lose their sensitivity more rapidly than do the cells of the skin. Moen 
(4) showed that, in tissue cultures of fibroblasts, the cells retained their sensitivity 
through many generations in the absence of tuberculin. On the other hand, 
passive transfer of tuberculin sensitivity by means of cells from sensitive sub- 
jects has been shown by a number of workers (20-23) to be of short duration. 
The leukocytic population of the blood is an ever-changing one and the sites of 
generation and destruction of the leukocytes are not the same. It might, there- 
fore, be postulated that the substance responsible for leukocytic sensitivity (the 
alpha globulin of Jeter, Laurence, and Seebohn (24), perhaps) is lost at the site 
of destruction in the case of the leukocytes, while sensitivity is retained in the 
skin cells for a longer period of time because the destruction and regeneration of 
skin cells are slower processes and occur at the same site. 

Another factor that must be borne in mind in evaluating leukocytic sensitivity 
to tuberculin is the possibility of leukocytic stimulation by the tuberculin. 
Juhdsz-Schaffer (25) observed such stimulation of kidney explants that had been 
subjected to low concentrations of OT. The concentration of tuberculoprotein 
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that is optimal for the production of migration inhibition of the cells of one 
individual might well be subtoxic for the cells of another and might actually 
cause a stimulation. It may be that some of the cytotoxic indices of the tuber- 
culous subjects in the present study that fell in the highest range (1.16—1.25) 
are examples of such a stimulation. 

The wide range (0.92-1.18) of cytotoxic indices which was obtained with 
the multiple tests on a single individual was quite unexpected. A number of 
factors could have combined to account for it, although it was not possible to 
detect any set pattern that would implicate any particular factor. Apparently 
the plasma media were not responsible since four of the tests had been run in 
the subject’s own plasma and yielded a mean cytotoxic index of 1.01; five in 
pooled plasmas from nontuberculous individuals and yielded a mean cytotoxic 
index of 1.01; and nine in pooled plasmas containing 50 to 70 per cent plasma 
from tuberculous individuals and yielded a mean cytotoxic index of 1.04. Al- 
though complete data are not available at the present time, it is believed 
that nonspecific factors had a greater effect upon the cytotoxic indices of the 
nontuberculous individuals than upon those of the tuberculous, possibly because 
the specific action of the tuberculin on the cells of the latter group is more effective 
in preventing migration than are minor nonspecific influences. A study is now 
in progress to test this hypothesis in a series of tuberculous subjects. 


SUMMARY 


The leukocytes of 297 tuberculous and 212 nontuberculous subjects have been 
tested for their sensitivity to Old Tubereulin (OT) by a tissue culture technique 
suggested by that of Rich and Lewis (1). The results indicate that the leukocytes 
of tuberculous patients and of nontuberculous subjects with positive tuber- 
culin skin reactions are significantly more sensitive to tuberculin than are those 


of apparently healthy subjects with negative tuberculin skin test reactions. 
However, the leukocytes of a surprisingly high percentage (33 per cent) of the 
patients with active tuberculosis failed to show specific tuberculin sensitivity. 
The leukocytes of 79 per cent of the persons with inactive tuberculosis and 
91 per cent of the apparently healthy subjects with positive tuberculin skin 
test reactions failed to show specific tuberculin sensitivity, indicating that the 


leukocytes lose their sensitivity more rapidly than do the cells of the skin. 

A wide range of cytotoxic indices (0.92 to 1.18) was obtained when eighteen 
tests were performed on the leukocytes of one healthy individual over a period 
of two years, indicating that certain nonspecific factors in this method of testing 
are capable of influencing the results to a considerable degree. 


SUMARIO 
La Sensibilidad de los Leucocitos Humanos a la Tuberculina Antigua 


Los leucocitos de 297 sujetos tuberculosos y 212 no tuberculosos fueron comprobados 
en cuanto a su sensibilidad para la Tuberculina Antigua (TA) con una técnica de cultivo 
de tejido sugerida por la de Rich y Lewis (1). Los resuitados indican que los leucocitos de 
tubereculosos y de sujetos no tuberculosos que acusan cutirreacciones positivas a la tu 
berculina son significativamente mds sensibles a la tuberculina que los de sujetos aparen- 
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temente sanos que muestran cutirreacciones negativas a la tuberculina. Sin embargo, los 
leucocitos ue un porcentaje sorprendente por lo alto (33 por ciento) de los sujetos con 
tuberculosis activa no revelaron sensibilidad especifica a la tuberculina. 

Los leucocitos de 79 por ciento de las personas con tuberculosis inactiva y de 91 por 
ciento de los sujetos aparentemente sanos que acusaban cutirreacciones positivas a la 
tuberculina no revelaron sensibilidad especifica a la tuberculina, indicando esto que los 
leucocitos pierden su sensibilidad mds r4pidamente que las células de la piel 

Al ejecutar dieciocho pruebas con los leucocitos de un sujeto sano durante un periodo 
de dos afios, se obtuvo una escala muy variable de indices citotéxicos (0.92 a 1.18), indi 
cando asi que ciertos factores anespecificos de este método de comprobacién son capaces 
de afectar los resultados en grado considerable. 


RESUME 
Sensibilité des leucocytes humains 4 la tuberculine de Koch (OT 


Les leucocytes de 297 tuberculeux et de 212 sujets non tuberculeux ont été testés pour 
déterminer leur sensibilité 4 la tuberculine de Koch (OT) au moyen d’un procédé de cul 
ture des tissus dérivé de la méthode de Rich et Lewis (1). Les résultats indiquent que les 
leucocytes des malades tuberculeux et des sujets non tuberculeux, dont les tests cutanés 
& la tuberculine sont positifs, ont une sensibilité a la tuberculine notablement plus élevée 
que ceux des sujets cliniquement sains dont les tests cutanés A la tuberculine sont néga 
tifs. Toutefois, dans une grande majorité des cas de tuberculose en activité (33°;), les 
leucocytes ne présentaient pas de sensibilité spécifique a la tuberculine 

La sensibilité spécifique 4 la tuberculine des leucocytes n’a pu étre démontrée chez 
79% des sujets dont la tuberculose était stabilisée et chez 91°) des sujets cliniquement 
sains ayant une réaction cutanée a la tuberculine positive, ce qui indique que les leuco 
cytes perdent cette sensibilité plus rapidement que les cellules de la peau 

A l’oeeasion de dix-huit tests pratiqués sur les leucocytes d’un sujet cliniquement sain 


pendant une période de deux ans, la marge des indices cytotoxiques était étendue (0.92 a 


1.18), ce qui indique que certains facteurs non spécifiques sont capables d’influencer les 
résultats a un degré considérable lorsque cette méthode est utilisée pour les tests 
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INFLATION OF ESOPHAGEAL HERNIAL SAC IN THE COURSE OF 
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INTRODUCTION 


Complications of artificial pneumoperitoneum include air inflation of peritoneal-hernial 
sacs, Air-filled peritoneal protrusions through the diaphragm into the thoracic cavity have 
also been described (1) and their rupture is believed to be one possible cause of spontaneous 
pneumothorax complicating pneumoperitoneum. However, air-filled peritoneal protrusion 
through the esophageal hiatus into the posterior mediastinum has been described only 
once previously (2). 

In Friedman’s case (2), that of a 45-year-old male, a chest roentgenogram obtained 
fifteen months after induction of pneumoperitoneum revealed a sharply defined air den- 
sity seen through the heart shadow, at the junction of the right and left diaphragms. This 
had not been present on roentgenograms obtained before induction of pneumoperitoneum. 
Barium studies showed the suspected esophageal hiatal hernia and also an air-filled peri- 
toneal sac producing compression and displacement of the lower esophagus. The patient 
subsequently died from pulmonary tuberculosis and at autopsy the diagnosis of “hiatus 
pneumatocele” was confirmed: an air-containing peritoneal sac herniating through the 
esophageal hiatus was demonstrated. 

The following case is similar in a number of respects to the case described by Friedman 


The patient was a white female, aged 66 years, who was admitted to the hospital with a 
diagnosis of pulmonary tuberculosis, far advanced, active. Symptoms consisting of cough, 
sputum, and malaise had been present for one year before admission and had grown pro 
gressively worse since the onset of the disease. A history was also given of back pain which 
had been present for twelve years and was associated with the appearance of deformity of 
the lower dorsal spine. For this condition a back brace had been prescribed and worn, re 
sulting in relief of the pain The patient had not been hospitalized for this condition 

On admission to the hospital the patient’s sputum was positive on microscopy and 
culture for acid-fast bacilli. A roentgenogram of the chest showed extensive bilateral soft 
infiltrations in both upper and mid zones of the chest and at the right base. A roentgeno 
gram of the spine showed extensive destruction and ankylosis extending from the eleventh 
dorsal to the fourth lumbar vertebra. At least two vertebral bodies were collapsed and not 
less than three calcified psoas abscesses were seen. However, neither clinical nor roent- 
genographic evidence was found of activity of the long-standing spinal tuberculosis For 
treatment of her active pulmonary tuberculosis the patient was assigned to a Public Health 
Service drug study group regimen of isoniazid, 3 mg. per kg. daily, and PAS, 12 gm. daily. 
This was well tolerated. After seven and a half months of treatment by bed rest and chemo- 
therapy, sputum continued positive for tubercle bacilli on culture and microscopy, and 
the chest roentgenogram showed no significant clearing of the widespread infiltrative 
lesions. Partial resistance to streptomycin was also noted at this time. Since the patient 
was apparently not getting any better, despite her age, it was decided to try artificial 


pheumoperitoneum. Pneumoperitoneum was induced eight months after the start of 
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chemotherapy. Following induction of pneumoperitoneum, the sputum became negative 
for tubercle bacilli and the chest roentgenogram showed significant clearing of the extensive 
infiltration 

\ roentgenogram obtained two months after induction of the pneumoperitoneum showed 
a radiolucency overlying the cardiac shadow and situated at the junction of the left and 
right diaphragms. This radiolucency had not been present on films obtained prior to the 
induction of pneumoperitoneum. An esophageal hiatal hernia was suspected and its presence 
was confirmed by a barium study. Barium studies also showed that the major part of the 
radiolucency in the posterior mediastinum was external to the lower esophagus and the 
herniated gastric fundus. It was believed that this radiolucency represented an air-filled 
peritoneal hernial sac with sliding hiatal hernia 

Roentgenographic studies: A chest roentgenogram obtained before induction of pneu- 
moperitoneum is shown in figure 1. Figure 2 is a chest roentgenogram obtained after induc 
tion of pneumoperitoneum. Pneumoperitoneum and its central radiolucency overlying the 
heart shadow are demonstrated. A more detailed barium study on the patient was made by 
Dr. J. 8. Raper, a specialist in radiology. He concluded: ‘“‘There was hernia of the fundal 
portion of the stomach through the esophageal hiatus. The esophagus was short and tor 
tuous with some dilatation. Air from the pneumoperitoneum extends above the diaphragm 
ind in the hernial sac.’’ An anteroposterior view made in the course of the barium study 
is reproduced in figure 3. The accompanying diagram, figure 4, consists of a tracing made 
of the outlines of the esophagus, stomach, diaphragm, and hernial sac shown in figure 3 


The patient’s subsequent clinical course has been uneventful. Pheumoperitonéum was 
subsequently discontinued because of difficulty in refilling. This resulted in relief of ano- 
rexia and a sensation of epigastric fullness. The patient had been complaining of such 
symptoms since the induction of pneumoperitoneum and they had been attributed to PAS 
intolerance. At the time of writing, the patient continues on treatment with bed rest and 
chemotherapy. Her sputum continues to be negative for tubercle bacilli and the wide- 
spread pulmonary lesions appear to have stabilized 


COMMENT 


\ccording to Carey and Hollinshed (3), the basic structural defects accompanying slid- 
ing esophageal hiatal hernia consist of: stretching of the phreno-esophageal ligament; 
stretching of the muscular collar of the hiatus; and formation of a redundant peritoneal 
sac. The sac extends through the hiatus from the abdominal cavity. Its location on the 
anterolateral aspect of gastric fundus and lower esophagus is relatively constant although 
it is variable in size. There can be little doubt that the air-filled hiatal-peritoneal protrusion 
seen in Friedman’s case and in the case just described consisted of the redundant peri- 
toneal sac accompanying the esophageal hiatal hernia which was present in each of these 
two cases 

It is surprising that this phenomenon has not been described more often. Neither Ban 
vai (4) nor Stein (5) included inflation of the hernial sac of esophageal hiatal hernia in 
their exhaustive descriptive tabulations of the complications of artificial pneumoperito- 
neum. Yet sliding hiatal hernia is not an uncommon condition, and artificial pneumoperi- 
toneum must often have been given in its presence, whether the condition had been pre- 
viously diagnosed or not. There are several possible explanations for the dearth of previous 
reports of this complication: It may be that in most cases of sliding hiatal hernia the re- 
dundant peritoneal sac is considerably smaller than in the case reported in this paper 
and the one reported by Friedman, and for that reason might not be easily identifiable 
on roentgenographic or fluoroscopic examination. In the younger age groups the muscular 
tone of the “collar’’ of the diaphragmatic hiatus may be adequate in young patients with 
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Fic. 4. Tracing of figure 3, showing relationship of esophagus, hernial sac, herniated 


gastric fundus, and diaphragm. 


hiatal hernia to prevent ingression of air into the sac. In this connection it may be noted 
that both of the cases in which this complication has been described were in the older age 
groups (forty-five and sixty-six years, respectively); pneumoperitoneum is less often 
given, because less often effective, in those older than forty years. Possibly in most cases 
of hiatal hernia the lumen of the hernial sac does not communicate freely with the peri 
toneal cavity, perhaps as a result of peritoneal adhesions obliterating the neck of the sac 

Friedman (2) believed that there was danger of rupture of the hernial sac which had 
become inflated by air from the pneumoperitoneum and that the liberation of air under 
pressure into the posterior mediastinum which would result from such an event might 
have grave consequences. He believed that air released under pressure in the posterior 
mediastinum might disturb the normal pressure relationships of the heart chambers and 
great vessels. Apparently such a catastrophe has never been described but could undoubt 
edly occur. For this reason it is thought that the demonstration of air inflation of an eso- 
phageal hernial sac in the course of induced pneumoperitoneum should be regarded as an 


indication for discontinuing pneumoperitoneum. 
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SUMMARY 


A case is presented of esophageal hiatal hernia detected as a result of inflation of the 
hernial sac in the course of pneumoperitoneum. This complication of pneumoperitoneum 
appears to be extremely rare; only one other case has been reported. Findings in that case 
were very similar to those reported here. 

Formation of a redundant herniated peritoneal sac is one of the basic structural defects 
in sliding hiatal hernia. Since this form of diaphragmatic hernia is not at all uncommon, the 
rarity of this complication of pneumoperitoneum is surprising. Possible explanations for 
this apparent rarity are given. It is believed that the appearance of this complication is 
an indication for abandoning pneumoperitoneum. 


SUMARIO 
Inflacién del Saco de une Hernia Esofdgica en el Transcurso de la Neumoperitoneoterapia 


Preséntase un caso de hernia del hiato esofagico descubierta a consecuencia de la in- 
flacién del saco herniario en el transcurso del neumoperitoneo terapéutico. Esta com- 
plicacién del Gltimo parece ser sumamente rara, habiéndose comunicado solamente otro 
caso. Los hallazgos en éste fueron muy semejantes a los descritos ahora 

La formacién de un saco peritoneal herniado superfluo es uno de los defectos anatémicos 
bdsicos en la hernia hiatal de deslizamiento. Como esta forma de hernia diafragmatica no 
tiene nada de extrana, la rareza de esta complicacién del neumoperitoneo terapéutico re- 
sulta sorprendente. Se ofrecen posibles explicaciones de esta aparente rareza. Parece que 
la aparicién de esta complicacién constituye una indicacién para el abandono del neumo- 
peritoneo terapéutico 


RESUME 
Gonflement de sac herniaire de l’hiatus oesophagien au cours du pneumopéritoine thérapeutique 


Présentation d’un cas de hernie de l"hiatus oesophagien découvert A l'occasion du gon 
flement du sac herniaire au cours d’un pneumopéritoine. Cette complication du pneumo 
péritoine thérapeutique paraft étre extrémement rare; un seul autre cas ayant été rapporté 
Les signes observés dans ce cas étaient trés proches de ceux rapportés ici 

La formation d’un sac herniaire péritonéal supplémentaire est un des défauts de struc 
ture essentiel dans les hernies de |’hiatus par glissement. Etant donné que cette forme de 
hernie diaphragmatique n’est pas exceptionnelle, la rareté de cette complication du pneu 
mopéritoine thérapeutique est surprenante. Des explications possibles de cette rareté ap 
parente sont fournies. L’auteur considére que l’apparition de cette complication est 
une indication justifiant |’abandon du pneumopéritoine thérapeutique 
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INTRODUCTION 
Coccidioidomycosis is an endemic disease that is usually found in the south- 
western part of the United States. The causative agent is the fungus, Coccidioides 


emmultis 
Coccidioidomycosis occurs as a fairly common nonfatal disease, but occa- 


sionally becomes disseminated and fatal. The disseminated form occurs in 


approximately 0.05 to 0.2 per cent of the cases of the primary infection. The 


mortality of the disseminated form is approximately 50 per cent 
The following case is presented because of the infrequent occurrence of dis- 
seminated coccidioidomycosis and because of several interesting problems that 


arose in the care of this patient. 


CASE REPORT 


The patient was a 32-year-old Negro male who was in excellent health until six weeks 
prior to admission to the hospital. He resided in Odessa, Texas. While washing a car he 
suddenly developed a sharp knifelike pain in his lower back. He continued working for three 
weeks, but the pain worse ned and his entire back became stiff and painful on movement. He 
was seen by his physician who prescribed medication for what the patient states was ‘“‘lum 


bago.”’ As he obtained no relief from this therapy, he entered the hospital 


He noted a we ight loss of 30 pounds in the six weeks before admission despite no < hange in 
his appetite 
five vears his job was that of a car washer and polisher He stated that he 


For the past 
miles from his home during 


had never been in California and had not been more than sixty 


this five-year period He denied that he drank or smoked. The remainder of the past history 


ind system review was negative 

The positive findings on physical examination were as follows: The blood pressure was 
100 systolic, 60 diastolic in mm. of mercury; the pulse, 100; temperature, 101°F.; and respira 
tions, 26. Tenderness was noted over the neck muscles and pain occurred on turning or 
flexing the head. The erector muscles of the back were in spasm and tender. Flexion or rota 
tion caused pain in these muscles 

There was de« re used expansion of the « hest bilater il ‘ The lungs were ¢ le irto per ussion 
The remainder of the physical and neurologic examination was normal 


ind auscultation 
atory findings: The urinalvsis showed a trace of albumin, 3 to 4 leukocytes 


Signi fe ate 
per high-powered field, and a few hyaline and granular casts. Repeated urine examinations 
showed no change. Urine cultures were negative. The leukocyte count was 14,300 per cu 
mm. with 81 per cent polymorphonuclear leukocytes, 17 per cent lymphocytes, and 2 per 
cent eosinophils. The erythrocyte count was 3.3 million per cu. mm. with a hemoglobin of 


9.9 gm. Bleeding and clotting times, platelet count, Coomb’s test, and sickle cell prepara 
tions were negative. Smears for lupus erythematosus cells and the usual febrile agglutina 


tion tests were negative. Repeated blood cultures showed no growth, and sputum was 


negative for tuberele bacilli on microscopy 
\ chest roentgenogram showed a fine miliary ty pe ol infiltration throughout both lung 
fields. No calcification was seen in either hilum. It was believed that these changes re 


sembled those seen in pneumoconiosis lymphoma or tuberculosis (figure 1 Detailed 
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Fic. 1 (Left). Chest roentgenogram showing miliary type of infiltration 

Fig. 2 (Right). Roentgenogram showing expansive type of lesion of distal tip of rib 
studies of the right eleventh rib showed an expansive type of lesion of the distal 
tip (figure 2 

Course in hospital: The temperature followed a septic course from the onset, ranging 
from 101° to 104°F. The patient had an excellent appetite and was quite happy. Because 
of the stiffness of his neck muscles, a lumbar puncture was done but the fluid was normal 
Skin tests for tuberculosis, coccidioidomycosis, and histoplasmosis were negative. Due to 
the fact that a definite diagnosis could not be made and because the patient was worsening 
he was given prednisone (Meticorten™), isoniazid, streptomycin, chloromycetin, and whole 
blood. 

On exposing the rib lesion for biopsy, an abscess was noted. This was inadvertently 
opened, and whitish-gray pus exuded. Smears of this pus showed coccidioides spherules 
Following surgery the patient did poorly. He went into coma the following day and died two 
days after surgery. Culture of the pus yielded Coccidioides immitis 

Autopsy: A defect was noted in the right seventh rib which exuded whitish-gray pus. The 
margins of the rib lesion were irregular. A similar lesion was found at the tip of the right 
eleventh rib. Both lungs weighed 3,200 gm. The lungs were reddish-gray in color. There was 
a generalized coarse whitish-gray infiltration throughout both lungs. On cut sections these 
gray-white areas were more granular and shotlike. Some of the lesions were confluent. Both 
of the lungs were completely studded with the lesions (figures 3 and 4 


The spleen had similar lesions 
COMMENT 


The hospital is situated approximately one thousand miles east of the area 


usually characterized as endemic for coccidioidomycosis. Although 5 proved 


cases of pulmonary coccidioidal granuloma have been seen at the hospital during 
the past year, no one suspected this patient to have coccidioidomycosis. 

The negative coccidioidin skin test helped detract from the correct diagnosis. 
Actually, however, disseminated coccidioidomycosis shows a hyposensitivity to 
coccidioidin and the skin test is usually negative. Here, as in many overwhelm- 
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Top) Photomicrograph of section of lung showing spherules 
(Bottom) Photomicrograph of section of rib showing spherules 


ing infections, anergy is frequently seen. In the nondisseminated cases, about 


99 per cent of the patients have positive skin tests. 

Of interest is the fact that coccidioidomycosis is more apt to disseminate in the 
Negro. It is believed that Negroes with primary pulmonary coccidioidal granu- 
loma have dissemination fourteen times as frequently as do whites. 
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The fungus itself grows readily on blood agar and Sabouraud’s medium. It is 
important that care be exercised in handling these cultures for coccidioidomyco- 
sis has been contracted by laboratory workers working with the fungus. 

Coccidioides immitis has a tissue phase in which spherules are produced, and a 
culture phase in which mycelial growth occurs. Spherules divide by cleavage, 
giving endospores, and these endospores in turn grow to become spherules. This 
cycle probably goes on indefinitely. 

The patient’s only complaint was that of stiffness and pain in his back and 
neck. He was a happy—in fact, euphoric—patient despite evidence that he was 
rapidly worsening. He lost 11 pounds in less than three weeks in the’ hospital 
even though he took more than 3,300 calories each day and was at complete 
bed rest. It was thought that perhaps the bone lesions were the cause of his 
back pain and rigidity. However, other cases have been reported of back pain 
and stiffness with no demonstrable bone lesions. 

Whether the patient’s occupation as a car washer could have brought him into 
contact with dust from an endemic area is certainly conjecture but definitely 
warrants further study. 

The patient received 20 mg. of prednisone four times a day for seven days 
because of his downhill course and of the possibility that the diagnosis might be 
lymphoma. This had no apparent effect on the course of the disease. 

Chloremycetin, isoniazid, and streptomycin also seemed to have had no effect 
on this patient’s disease. Apparently there is no entirely satisfactory treatment 
for the disseminated form of coccidioidomycosis, although numerous drugs have 
been tried with various degrees of success. 

Because of the great volume of travel today and the fact that only fleeting 
contact with the infecting organism is necessary to cause the disease, it is im- 


portant that disseminated coccidioidomycosis be considered in any differential 


diagnosis of a miliary type of chest lesion in any part of the country. 


SUMMARY 
A case of disseminated coccidioidomycosis is presented in which the only 
complaints were pain and stiffness of the neck and back and marked weight 
loss. A brief review of several salient characteristics of the disease is presented. 


SUMARIO 
Coccidioidomicosis Diseminada: Presentacién de un Caso 


Preséntase un caso de coccidioidomicosis diseminada en el cual los Gnicos sintomas con- 
sistian en dolor y rigidez del cuello y del dorso y notable pérdida de peso. Ofrécese una breve 


resefia de varias caracteristicas salientes de la dolencia. 
RESUME 
LESUME 
Coccidioidomycose disséminée: Observation d’un cas 


Présentation d’un cas de coccidioidomycose disséminée dans lequel le seul symptéme con- 
sistait en douleurs et raideur au niveau du cou et du dos avec perte de poids considérable 
L’auteur passe en revue plusieurs caractéristiques saillantes de la maladie 
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THE PROBLEM OF HISTOPLASMOSIS IN A MILITARY 
TUBERCULOSIS HOSPITAL’ 


Histoplasmosis presents some problems in the practice of military medicine which are 
not commonly encountered in civil life. The doctor in military practice deals mainly with 
men and women who are young, healthy adults at the time of their enlistment. A chest 
roentgenogram is obtained at that time, and at intervals thereafter, which vary from 
the ideal of one a year to one every three or even four years. These are usually 70-milli- 
meter photofluorograms. The Navy, in addition, routinely tuberculin tests its enlistees, 
more than 90 per cent of whom are negative tuberculin reactors. These films and skin tests 
are a valuable point of comparison if the man later comes to the attention of the physician 
because of a chest lesion 

Annually a number of persons are detected who have abnormalities in these roentgeno- 
grams. In addition, others are discovered to have lesions after developing symptoms of 
disease. These persons must be removed from contact with their fellows because they are 
tuberculosis suspects. In civil life, many could be observed as outpatients, but in military 
life they must be hospitalized for practical as well as administrative reasons. Usually, they 
filter from their admitting unit into the tuberculosis service of a military hospital desig- 
nated as a chest center. They arrive asymptomatic or with minimal complaints, healthy in 
appearance, and sound on physical examination. They are inclined to be irritated o1 
frightened by the sudden disruption of their lives, which often includes separation from 
their families, with its consequent hardship. The lesions seen on the admission roentgeno- 
grams of these persons vary from small pulmonary nodulations to large, diffuse infiltra 
tions with or without cavitation. 

\t this point, rapid diagnosis and sorting of patients is imperative. The tuberculous 
patients must be brought promptly under treatment, while the equally important pa 
tients who do not have tuberculosis must be removed from exposure and managed accord 
ing to their needs. The physician in charge must bear constantly in mind his obligation to 
minimize sick-days and to return to duty the patient who does not require hospitalization 
He must be acutely conscious of the possibilities for the creation of iatrogenic illness inher 
ent in the situation. Finally, he must make every effort to prevent unnecessary retirements 
from the service with the resultant loss of manpower and the cost to the taxpaver in the 
form of disability payments 

Here histoplasmosis comes prominently into the differential diagnostic picture, since 
it closely mimics the clinical and laboratory features of tuberculosis. It is intended pres 
ently to outline the problem created by this disease in military medicine 

The increased interest in histoplasmosis is apparent in the number of papers appearing 
about it. It is not the intent of the writers to review the literature and general nature of 
the disease, as this has been well done by Silverman,? Furcolow,’ Schwartz,‘ Smith,® and 


others. The fact that both benign and severe forms of the disease may exist is well unde 
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TABLE 1 
Resuits or Tests or 1,033 Patients 


Test Positive Negative Not Tested Per Cent Positive 


Tuberculin 938 48 95.1 
Histoplasmin 192 


Coccidioidin 59 


7 
78 
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stood. The ubiquitous nature of histoplasmosis and its geographic distribution have been 
delineated. One writer,’ estimates that twenty to thirty million people in the United States 
have been infected. Combinations with other diseases have been described,* and it has 
occurred as a laboratory infection.’ * 

This paper deals mainly with the experience with histoplasmosis on the tuberculosis 
service of the U.S. Naval Hospital, St. Albans, New York, in the two-year period from 
October 1, 1953, to October 1, 1955. This hospital is the East Coast center for tuberculosis 
for the Navy. Navy personnel who have or are suspected of having this disease, and whose 
homes are east of the Mississippi, are sent here from installations all over the United 
States, as well as from overseas bases in Japan, the Philippines, Great Britain, 
the Mediterranean area, and others. A considerable number of Air Force personnel 
and a few Army patients are also admitted. Since most of the patients reside in the eastern 
half of the country, it follows that a large number reside in the endemic area for histo- 


plasmosis 


On admission to the unit, routine studies include 14- by 17-inch chest roentgenograms in 
the postero-anterior, lateral, and lordotic views; cultures of gastric contents for Myco- 
bacterium tuberculosis; and skin tests with tuberculin, histoplasmin, and coccidioidin. If the 
histoplasmin skin test is positive, and especially if the tuberculin is negative, blood samples 
for complement-fixation studies are drawn. This test is performed by the U. S. Public 
Health Service Communicable Disease Center Laboratory at Chamblee, Georgia. 


During the two-year period under discussion, 1,033 patients were processed by the 
tuberculosis service. The results of the skin tests in this group are shown in table 1. As may 
be seen, the majority of patients reacted to tuberculin, and most were proved to have 
tuberculosis. In Navy personnel, the result of the tuberculin test performed at the time of 
enlistment proved of considerable value in many cases by demonstrating conversion of 
the test since enlistment. The low percentage of coccidioidin reactors can probably be ex 
plained by the fact that most of the patients reside outside the endemic area. 

Of the 1,033 patients, 26 were discharged with the diagnosis of histoplasmosis. This 
diagnosis was made on the basis of history of residence in an endemic area, positive skin 
reaction, changing or elevated titer on the complement-fixation reaction, or isolation of the 
organism. This is an incidence of 2.5 per cent. Of the 26 with histoplasmosis, 2 were found 
to have both this disease and active pulmonary tuberculosis. No patient had severe, 
progressive histoplasmosis in this series. Twelve had negative tuberculin skin tests, and 4 
had positive coccidioidin skin reactions. All reacted to histoplasmin. Two of the group were 
Negroes; the remainder were white. There was one female. Twenty-four were discharged 


* FirzParricx, M. J., anp Revuper, M. D.: Am. Rev. Tuberc., 1955, 72, 675 
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to duty, while the 2 with both diseases were temporarily retired from the service and 
transferred to veterans hospitals. 
The following cases illustrate features of the problem as seen in military service. 


Case 1. F. M. was a 38-year-old private in the Army whose home is in Illinois. On returning 
to the United States from his duty station in Europe, he became seasick and, after prolonged 
vomiting, expectorated some blood. On arrival in this country, he was admitted to the 
Naval Hospital at St. Albans with a tentative diagnosis of tuberculosis. His past history 
disclosed that he had been rejected twice by the draft board for ‘‘tuberculosis’’ before he was 
finally accepted. He was asymptomatic on arrival at the hospital. His tuberculin test was 
negative, but the histoplasmin test was positive. Roentgenography disclosed bilateral 
pulmonary calcifications which were unchanged on comparison with enlistment films two 
years previously. A diagnosis of pulmonary calcifications due to histoplasmosis was made, 
and he was returned to duty twelve days after admission to the hospital. It was believed 
that the expectorated blood was due to the prolonged retching of motion sickness. 


Case 2. H. R. was a 23-year-old member of the Navy who was admitted to a naval hospital 
in August, 1953, because of a headache, generalized aching, malaise, chills, and fever. 
Studies revealed a small pulmonary infiltrate, and he was transferred to this hospital. There 
the presence of a pulmonary nodulation was confirmed. The Mantoux test was negative, 
and the histoplasmin skin test was positive. A complement-fixation test was 1:32 on admis- 
sion to the sick list, and two months later was 1:8. He recovered quickly from his acute 
illness, and he was returned to duty with the diagnosis of histoplasmosis. The roentgeno- 
gram remained unchanged, and repeated cultures of gastric contents were negative for 
acid-fast bacilli 

Case 3. 8. C. was a 22-year-old member of the Navy who was admitted to the hospital in 
December, 1954, because his tuberculin had converted from negative to positive, and a 
chest film revealed an infiltration in the right upper lobe. The histoplasmin skin test also was 


positive. The complement-fixation test for histoplasmosis was 1:8 on admission, and one 
month later was 1:32. The initial gastric cultures were negative for acid-fast bacilli. A 
diagnosis of histoplasmosis was made but, in view of the converted tuberculin, he was 
retained on the service. A follow-up film revealed that the infiltrate had excavated, and 
cultures were now positive for Mycobacterium tuberculosis. An additional diagnosis of tuber- 
culosis was made, he was started on chemotherapy, and later was transferred to a Veterans 


Administration Hospital 


In summary: Histoplasmosis is a widely disseminated disease, exhibiting both benign 
and severe phases, and is frequently difficult to differentiate from tuberculosis. Routine 
photofluorography in the armed forces is producing many asymptomatic patients with 
pulmonary lesions which require differentiation. In a two-year period, active histoplasmo- 
sis comprised 2.5 per cent of admissions to the tuberculosis service of a naval hospital 
The combination of active tuberculosis and histoplasmosis was found in 2 patients. 
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CANDIDA ALBICANS' 


A Means for Detecting M. Tuberculosis on Culture Media 


Many specimens of sputum submitted for bacteriologic examination contain yeast cells 
which belong to the Candida group. Only in rare instances can the presence of these cells 
be related to lesions in the mucosa of the mouth and pharynx or to lesions in the pulmo 
nary parenchyma 

Yeast cells of the Candida group are frequently found in the sputum of persons known 
to have pulmonary tuberculosis. Recognition of this fact prompted the present study of 
possible relationships between members of the Candida group and M. tuberculosis 

The strain of yeast cells selected for use in this study was isolated from the sputum of 
a patient who is believed to have pulmonary moniliasis. It was identified as Candida albi- 
cans. The cultural characteristics of this strain are as follows: It grows readily on standard 
culture media, but only poorly, if at all, on Léwenstein medium for M. tuberculosis. How 
ever, if a few drops of dilute tuberculin are placed on the surface of Lowenstein medium, 
they grow in the form of pinpoint-sized translucent colonies. Furthermore, if heat-killed, 
or living, tubercle bacilli are incorporated in Léwenstein medium, they grow luxuriantly 
in the form of large creamy white colonies which, when examined microscopically, are 
found to consist mainly of round or oval cells. 

The following experiments demonstrate that M. tuberculosis supplements the growth 
requirements of this strain of C. albicans in an otherwise deficient medium? 


C. albicans multiplies rapidly in a saline suspension of heat-killed tubercle bacilli. 
It multiplies very slowly in a saline solution alone (table 1 

Pairs of Petri dishes, containing standard Liwenstein medium were inoculated with 
two loopfuls of a ten-day culture of H37Rv in Tween” medium and kept at a tempera 
ture of 37°C. They were examined at intervals for evidence of growth of tubercle bacilli 
Ty pical colonies of M. tuberculosis appeared on these plates in an average of eighteen 
days (figure 1 

The other of each pair of dishes was superinoculated on the fifth day following the 
inoculation with H37Rv with 3.0 ml. of a saline suspension of C. albicans grown on 
Sabouraud’s agar. None of these dishes showed any macroscopic evidence of growth of 
VM. tuberculosis at this time. Following removal of the excess fluid, the Petri dish was 
returned to the incubator. Examination of these dishes three days later regularly 
disclosed creamy white colonies of C. albicans at the sites which previously had been 
inoculated with H37Rv. No evidence of growth of C. albicans was found in any other 
sites (figure 2 

Microscopic examination of slide preparations of these creamy white colonies reg 
ularly revealed, among the yeast cells, acid-fast rods morphologically similar to M 


iberculosis 


The technique of superinoculating with a suspension of C. albicans slants of Léwen 
stein medium that previously had been inoculated with material suspected to contain 
tubercle bacilli, of making slide preparations of portions of any creamy white colonies that 
might develop following a period of incubation, and of examining these for acid-fast bacilli 
will be referred to henceforth as the “‘tracer’’ technique 

Specimens of sputum or of fasting gastric contents of 1,124 persons known or suspected 


This study was supported in part by a National Health Grant 
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TABLE 1 
or C, ALBICANS IN A SALINE SusPENSION OF Heat-KILLep TUBERCLE 
BacILLI AND IN A Sawing SoivutTion ALONE 


7 


Days" 


Culture of Candida Albicans in saline - ~ - 
Culture of Candida albicans in saline 
and dead M, tuberculosis 


to have active pulmonary tuberculosis have been examined for M. tuberculosis by both the 
standard Léwenstein method and the ‘tracer’ method. The procedure employed in mak- 


ing this comparison was as follows 


All of the specimens were concentrated. Four Liwenstein slants were inocuiated with 
the sediment of each specimen and were placed in an incubator. Sometime between the 
fifth and the tenth days two of the four slants were superinoculated with a suspension of ( 
albicans. The slants that were selected for superinoculation were the third and fourth to be 
inoculated with the residue of the concentrated specimen. These slants were selected be 
cause it was known that in some instances they had been inoculated with only traces of 
inoculum, and it seemed as if possible sampling errors, which might favor the “‘tracer’’ 
method, could be reduced by this means. None of the slants selected for superinoculation 
showed any evidence of growth of bacteria at the time it was superinoculated. All of 
the slants—by the standard Léiwenstein method and the “tracer’’ method—were ex 


amined at frequent intervals for periods ranging from two to six weeks 


One or both of the standard Lowenstein slants of 166 of the 1,124 specimens vielded 
evidence of growth that was considered to be typical of M. tuberculosis 

One or both of the “tracer’’ slants of 328 of the 1,124 specimens yielded smooth creamy 
white colonies of C. albicans within three to twenty days of the time of superinoculation 
In 324 specimens, examination of slides prepared from the slants that yielded growth of 
C. albicans disclosed acid-fast bacilli among yeast cells. These acid-fast bacilli were similar 
morphologically to M. tuberculosis. Microscopic examination failed to disclose acid-fast 
bacilli on smears of the slants of four specimens. Contaminants, however, were present 
which had allowed the growth of C. albicans. It was noted that in these cases, instead of 
the round cell type, pseudomycelium and chlamydospores were predominant 
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Fig. 1. Eighteen-day culture of M. tuberculosis H37Rv on Liwenstein medium. 


Fic. 2. (Left) Three-day culture of Candida albicans overgrowing eight-day culture of 
M. tuberculosis H37Rv. 

Right) Three-day culture of Candida albicans overgrowing fifteen-day culture of M. 
tuberculosis from gastric lavage specimen 
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Comparison of the time required to demonstrate acid-fast bacilli on standard Léwen- 
stein slants and on “‘tracer” slants revealed a striking difference. In the case of the standard 
slants, the average time was 32 days. In the case of the “tracer” slants, the average time 
was 15.6 days. 

Microorganisms possessing the cultural characteristics of M. tuberculosis were isolated 
from the “tracer’’ slants which yielded both yeast cells and acid-fast bacilli in all but 
16 of the 324 specimens in which isolation was attempted. Subcultures on Léwenstein 
medium of the growth on the “tracer” slants of the 16 exceptional specimens yielded chro- 
mogenic colonies of atypical acid-fast bacilli. 

Examination of the findings obtained in this comparative study reveals that the 
“tracer” procedure permitted detection of acid-fast bacilli in 158 specimens in which stand- 
ard Léwenstein slants failed to yield any evidence of growth of M. tuberculosis. In 29 of 
these cases the direct microscopic examination of the concentrated specimen had, however, 
shown the presence of acid-fast bacilli. 

A study was made of the M. tuberculosis growth-promoting effect of C. albicans on 
cultures of 204 specimens obtained from two groups of patients. One group consisted of 
outpatients who presented clinical and roentgenographic findings considered indicative 
of active pulmonary tuberculosis. The other group consisted of 171 inpatients 
who had been proved to have tuberculosis and who either had been given streptomycin 
and isoniazid for long periods or actually were being treated with these agents. Repeated 
attempts to find M. tuberculesis in specimens obtained from these patients in the months 
immediately preceding development of the “tracer” technique had failed to disclose evi- 
dence of this microorganism. The results of the present study were as follows: Standard 
Léwenstein in slants of 27 of these 204 specimens yielded evidence of M. tuberculosis. 
“Tracer” slants, however, proved to be positive for M. tuberculosis in 49 instances (table 
2). 

The fact that a high percentage of the patients included in the study just described had 
received streptomycin and isoniazid, or were actually receiving these agents at the time 
when the specimens were collected, suggests that C. albicans may promote the growth on 
Léwenstein medium of streptomycin- or isoniazid-inhibited tubercle bacilli. Jn vitro 
attempts to neutralize streptomycin or isoniazid by exposure to multiplying, or to dead, 
C. albicans, however, have failed thus far to produce results. 


TABLE 2 
RveESLTs or Stupy or Specimens For Grows or M. Tuspercu.osis BY LOWENSTEIN AND 
**Tracer”’ TECHNIQUES 


Results 
A. 1,124 random specimens from patients suspected of having, or known to have, pulmo- 


nary tuberculosis 


L+ T+ 166 
L+ T- 3 L+ 14.7% 
L T+ 158 T+ 28.8% 

B. 204 selected specimens from tuberculous patients with repeatedly negative cultures. 
L+ T+ 24 
L+ T- 0 L+ 13.2% 
L T+ 22 T+ 24.0% 

L = Standard Léwenstein medium. 


T = ‘*Tracer’’ method 
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The growth-promoting effect of C. albicans on small inocula of M. tuberculosis, on the 
contrary, can easily be demonstrated. 

With a minimal inoculum of 2 x 10~* mg. dry weight of H37Rv standard Léwenstein 
medium yielded twocolonies in 28 days. This finding is in agreement with the observations 
of Drea, Boissevain,* Eggerth,® and others concerning the minimal inoculum of H37Rv 
required to initiate growth on egg medium. When the “tracer” technique was employed, 
tubes inoculated with 2 x 10~* to 10~-” mg. yielded evidence of growth of C. albicans 
within eight days; tubes inoculated with 2 x 10~" mg. produced colonies in eighteen days. 
Slides prepared from these tubes revealed acid-fast bacilli. 

In summary: A method for detecting the early and macroscopically invisible growth 
of tubercle bacilli on Léwenstein medium has been described. This method, which involves 
superinoculation with a suspension of C. albicans, has been given the name “tracer” 
method. Presently available evidence indicates that C. albicans promotes the growth of 
the surviving elements in an inoculum containing streptomycin- or isoniazid-inhibited 
tubercle bacilli 
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SPONTANEITY OF THE GRADUAL INCREASE OF STREPTOMYCIN 
RESISTANCE IN MYCOBACTERIUM 607 


The nature of spontaneous mutation to streptomycin resistance in bacteria was ex- 
perimentally proved by a unique technique of replica plating devised by the Lederbergs.' 
They used agar plates containing 200 y of streptomycin per ml. on which colonies of 


TABLE 1 
NuMBER oF Survivors or IsoLaTep STRAINS ON TWEEN-ALBUMIN AGAR CONTAINING 
VARYING CONCENTRATIONS OF STREPTOMYCIN 


Dilut , Concentrations of Streptomycin (y per ml.) 
uu 
>trains 


»>culum* 
0 1 5 10 100 1,000 
126 0 0 0 0 
5 
se +++ 0 
570 
S3 
+++ 108 3 0 0 
Ss! 10-5 ++-4+ +++ 
1o-* 209 179 
10 18 15 
lo! 18 0 0 
1? 6 l 
10 l 0 
0 
10-* wer 
10 123 119 
+ + + 0 
1? +++ + +4 0 0 
10? ++ + 
10 + + + ++ 4 
278 233 28 
10 26 34 32 


* A 72-hour culture in Tween-albumin broth was used as the original suspension. One 
tenth milliliter of each dilution was used as inoculum 
+ Number of colonies after 72 hours’ incubation 


Escherichia coli, strain K-12, were replicated from master plates. Although the number of 
survivors of the mutants obtained on streptomycin agar was not described, it seems very 
likely, from the experience of the writers with this strain, that the mutants were “fully” 
resistant to concentrations of streptomycin higher than 200 y per ml. On the other hand, 


1 LEDERBERG, J., AND LeperBERG, E. M.: J. Bact., 1952, 63, 399 
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“full” resistance to streptomycin which manifests itself to a high level by a single step is 
distinguished from “partial” resistance, the degree of which gradually increases after sub- 
culture, biologically as well as genetically.?-* While the mutation of a single gene is reason- 
ably assumed for full resistance, the mechanism of the development of partial resistance 
is still in dispute. In the present study, an attempt has been made to follow its gradual 
increase by the replica plating technique. 

The strain used was Mycobacterium 607. Master plates of Tween®-albumin agar (‘Du- 
bos agar’) were spread with 0.1 ml. of a Tween-albumin broth culture and, after twenty- 
four hours’ incubation, were replicated by means of velveteen onto replica plates of Dubos 
agar containing | y of streptomycin per ml., which were then incubated for seventy-two 
hours. The “cycle” of enrichment was repeated six times in the way described by the 
Lederbergs,' at which time a discrete colony (strain 3S"), which was superimposable on a 
colony on the replica plate, could be isolated from a master plate, as well as with a non- 
superimposable colony (strain 9S*). The number of survivors of both strains on streptomy- 
cin-Dubos agar is shown in table 1. The results clearly indicate that the increase of resist- 
ance in 9S' occurred right up to | y per ml., the concentration of streptomycin contained 
in replica plates, while the susceptibility of »S® to streptomycin remained at the same level 
as that of the susceptible strain 

The second series of replications was performed, using S' strain and Dubos agar con 
taining 5 y of streptomycin per ml. The enrichment was repeated eight times and, from a 
master plate, two colonies were isolated in the same way as in the first series (pS'* and 
S'', respectively). The survival number of these colonies on streptomycin agar is shown 
in table 1. The increase of resistance in §S'-' was again shown up to the concentration of 
streptomycin used (5 y per ml.), while no appreciable difference of resistance was noted 
between and 


In summary: The experiments reported here indicate that the gradual increase of the 


partial resistance to streptomycin also occurs spontaneously at each step, and show that 


the replica plating technique can be successfully applied to Mycobacterium 
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* Demerec, M.: J. Bact., 1948, 56, 63 

Newcomspe, H. B., ann McGreeor, J.: J. Bact., 1951, 62, 593 
*Waranase, T.: Keio J. Med., 1954, 3, 193 

* Horenkiss, R. D.: J. Cellular Comp. Physiol., 1955, 44 (Supplement 2), 1 
* Hasnimoro, K.: Japanese J. Bact., 1955, 10, 933 


COMPARISON OF THE NATIVE LIPIDS OF ATYPICAL ACID-FAST 
BACILLI WITH THE LIPIDS OF KNOWN MYCOBACTERIAL 
TYPES'* 


In previous reports, it has been shown that chemical differences exist between strains 
of mycobacteria known to be biologically distinct.*: 4 Lately it has appeared that a new 
group of mycobacteria, the atypical acid-fast bacilli, seems to become more and more im- 
portant.® * Although the atypical bacilli produce a disease in man which cannot be differ- 
entiated from tuberculosis,’ they are incapable of producing progressive disease in guinea 
pigs. 

In this paper the writers will show that by employing the methods developed in previous 
studies, namely chromatography and infrared spectroscopy, it may be possible to dis- 
tinguish between the following varieties of mycobacteria: atypical acid-fast bacilli, human, 
bovine, avian, M. phlei, and BCG. 


The preparation of cultures on Wong-Weinzirl* medium and their subsequent extraction 
and preparation for chromatography have been described in a previous paper.’ Two grams 
of the ether-soluble portion of the ethanol-ether extract of each strain was fractionated 
on a 50 mm. diameter chromatographic column packed with 85 gm. of acid-washed activated 
Magnesol'*-Celite.'' Chloroform extracts were chromatographed under similar conditions 
on 13 mm. columns containing 8 gm. of adsorbent. The columns were eluted sequentially 
with a series of solvents of increasing polarity, beginning with redistilled hexane and end 
ing with mixtures of acetic acid in ether. Columns were treated as flowing chromatograms 
and the eluates (250 ml. for the large column and 40 ml. for the small column) were col 
lected as they flowed from the column. The quantity of each solvent used varied according 
to the amount of material found in the eluates. The eluates were evaporated to dryness, 
weighed, and the infrared spectrums were recorded on a model 21 Perkin-Elmer double- 
beam spectrograph 


The main compounds found in the different strains studied are given in table 1. The 
fatty acids and esters of fatty acids common to all strains are not included. The infrared 


spectrums of some of these compounds can be found in previous publications.®: " Free 


mycolic acid or its analogues and “cord factor” are found in most but not all of the strains. 


' Presented before the Medical Session, as part of Section 1B, at the annual meeting 
of the National Tuberculosis Association, New York, New York, May 21, 1956 

* The present study has been aided by grants from the Rackham Fund of the Graduate 
School of the University of Michigan, Ann Arbor, Michigan; the Research Corporation, 
New York, New York; and the Wisconsin Anti-Tuberculosis Association, Milwaukee, Wis 
consin 

> RANDALL, H. M., et al.: Am. Rev. Tuberc., 1952, 65, 477 

*Saarru, D. W., ef al.: Am. Rev. Tuberc., 1954, 69, 505. 

’ Witson, G. C., anp Morton, D. E.: Am. Rev. Tuberc., 1956, 73, 351. 

* Timpe, A., AND Runyon, E. H.: J. Lab. & Clin. Med., 1954, 44, 20% 

7 Woon, L. E., et al.: Am. Rev. Tuberc., 1956, 73, 917 

Wonca, 8., anp Wernzrr_t, J.: Am. Rev. Tuberc., 1936, 33, 577. 

* Kusica, G. P., et al.: Am. Rev. Tuberc., 1956, 73, 529. 

‘© Magnesol, Westvaco Chemical Division, Food Machinery & Chemical Corp., South 
Charleston, West Virginia 

't Celite Analytical Filter-Aid, Johns-Manville Co. 

12 Nout, H., anp Buiocna, H.: J. Biol. Chem., 1955, 274, 251. 
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TABLE 1 


Liprp Suspstances rrom Various STRAINS OF MYCOBACTERIA 
Distribution in the Various Strains 


Atypical* Bovine Avian Saprophyte? 
Hurrant 
BCG 10-Day 28-Day 


Compound G, 
Compound Gs, 
Compound J 
Dimycoceronate 
phthiocerol 
Cord factor 
Mycolic acids 


* Four strains in group I, two in group II, and one in group III 


+t Twenty virulent human strains 
} M. phlei harvested one time after 10 days’ incubation and a second time 


after 28 days’ 


incubation 


COMPOUND Ga 


T 


9 
Fic. 1. Comparison of the infrared spectrums of compounds G4 and Gz 
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The presence of “cord factor” in M. phlei was unexpected since it had originally been 
reported to be absent from this strain,” although recently Dr. Noll informed the writers 
that he also has detected the presence of “cord factor” in this strain. 

Since “cord factor’ and mycolic acid are so widely distributed in the various strains, 
they cannot be used as a means of differentiation. Nevertheless, among the isolated sub- 
stances, three compounds are of particular significance in view of the classification of the 
present strains. These three compounds are dimycoceronate of phthiocerol and two un- 
identified compounds referred to as Gg and G,. Dimycoceronate of phthiocerol (spec- 
trum’) has thus far been found only in human and bovine strains and represents approxi- 
mately 15 per cent of the total lipids. Compound Gz has been found only in bovine strains. 
The isolation of a spectroscopically identical compound from a bovine strain was reported 
by Noll." 

Compound G, has been found repeatedly in the lipids of some of the atypical strains. 
Two of these strains which have somewhat different growth characteristics, and which 
were obtained from different sources, have been cultured three times each and the ex- 
tracts have been chromatographed from five to eight times with the demonstration of 
compound (@, on each occasion. Compound G, could not be detected in the lipids of 
three of the seven strains originally labeled atypical. Concerning two of these cultures 
lacking G, (see table under atypical group II), it was suggested by Dr. Ann Pollak after 
this investigation was completed that, since these cultures (‘orange bacilli’) are isolated 


frequently in routine cultures and have never been identified in the tissues, they should 


probably be considered as saprophytes. The present findings are in agreement with this 
suggestion. The third strain of this group lacking G, has been found to contain a differ- 
ent substance designated J which otherwise has been found only in the two avian strains 
Additional studies will be required to establish the significance of this substance. 

In summary: A study has been made of the lipid composition of a limited number of 
strains of acid-fast bacilli of the following sorts: human, bovine, and avian varieties, atyp 
ical acid-fast bacilli, M. phlei, and BCG. It has been possible to detect the presence of a 
series of compounds which would tentatively allow the distinction of each of the above 
classes of organisms 
DEPARTMENT OF MepicaL MICROBIOLOGY M. M. 
University oF Wisconsin, Mapison, WIscoNsIN D. W. Srrx 
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Biocn, H.: J. Exper. Med., 1950, 91, 197. 
'* Nott, H.: J. Biol. Chem., 1957, 224, 149. 


PYRAZINAMIDE-ISONIAZID IN PATIENTS WITH PREVIOUS 
ISONIAZID THERAPY 


Care of the tuberculous patient has been complicated by an increasing number of pa- 
tients with far advanced, active, pulmonary tuberculosis who have isoniazid- and strepto- 
mycin-resistant tubercle bacilli in their sputum. Perry and Morse observed an in vitro 
relationship between different strains of isoniazid-resistant tubercle bacilli and their sus- 
ceptibility to pyrazinamide and showed that tubercle bacilli resistant to 5.0 to 15.0 y of 
isoniazid were susceptible to low concentrations of pyrazinamide.' This suggests that 
pyrazinamide may be of value in treating some patients with isoniazid-resistant organ- 
isms. A review of the literature failed to reveal studies employing pyrazinamide-isoniazid 
therapy in patients who had received previous long-term isoniazid.** Moyer and Schwartz 
implied poor results when combined pyrazinamide-isoniazid therapy was given to patients 
who had received one or the other drug previously. Muschenheim and associates noted 
similar results in one patient, and implied the importance of this problem.* The present 
report presents the experience with such therapy in this type of patient at the Ohio Tuber- 


culosis Hospital. 


Nineteen patients with far advanced pulmonary tuberculosis were used for this study. 
All patients had active disease and tubercle bacilli had been demonstrated repeatedly in 
their sputum by concentrated smear and culture. All patients were hospitalized during the 
period of the study. Urinalysis and urine ictotests were made at weekly intervals. Liver 
function studies, smear and culture of the sputum for tubercle bacilli, and studies of sus 
ceptibility to 1.0 and 5.0 y of isoniazid per ml. were performed each month. Chest roent- 
genograms were obtained every two months. The patients received 1 gm. of pyrazinamide’ 
and 100 mg. of isoniazid three times daily for six months 


The results of the study are listed in table 1. Five of the 19 patients developed compli- 
cations necessitating discontinuation of pyrazinamide. The side reactions included one 
patient (Case 16) with dermatitis, one (Case 18) with severe chest and joint pain, and an- 
other patient (Case 15) who developed marked bromsulphalein retention. One patient 
(Case 17) was dropped from the study because of probable drug fever. The fifth patient 
(Case 19) died during the study. Autopsy demonstrated diffuse interstitial pneumonitis. 
There was no definite evidence to suggest that this was related to drug therapy. Two 
additional patients (Cases 11 and 12) developed joint pain which disappeared sponta- 
neously on continued administration of drugs. 

Fourteen patients completed the study. Of these, 5 had received less than six months, 
2 had received between seven and twelve months, and 7 had received more than one year 
of isoniazid therapy previously. The 3 patients who had tubercle bacilli susceptible to 


' Perry, C., aND Morse, W.: Am. Rev. Tuberc., 1955, 72, 840 

* Yeacer, R. L., et al.: Am. Rev. Tuberc., 1952, 65, 523 

*Scuwartz, W.8., anp Moyer, R. E.: Tr. Twelfth Conference on Chemotherapy of 
Tuberculosis, Veterans Administration, Army, and Navy, 1953, p. 296. 

Scuwartz, W.S., anp Mover, R. E.: Am. Rev. Tuberc., 1954, 70, 413. 

5 Moyer, R. E., anp Scuwartz, W.S.: Tr. Thirteenth Conference on Chemotherapy of 
Tuberculosis, Veterans Administration, Army, and Navy, 1954, p. 166 

* MuscuHenuerM, C., et al.: Am. Rev. Tuberc., 1954, 70, 743 

’? Pyrazinamide used in this study was supplied by the Merck Sharp & Dohme Research 
Laboratories, Division of Merck & Co., Inc., Rahway, New Jersey 
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TABLE 1 
Resutts or Six Montus or THERAPY IN PATIENTS WITH 
Isontazip-RESISTANT ORGANISMS 


Months of 

Patients Sputum at Resistance to Isoniazid Previous 
End of Study at Beginning of Study Isoniazid 

Therapy 


Roentgeno 
graphic Comments 
Change 


negative Susceptible to 1 5 3 0 Surgery after study 
negative | Susceptible to 1 4 4 months; Im Surgery after study 
1 year |proved 
prior 
positive | Susceptible to 1 3 Worse 0 
negative Resistant to 1—sus- 14 0 Right upper lobec- 
ceptible to 5 > tomy at 4 months 
positive Resistant to 1—sus- 0 
ceptible to 5 4 
positive Resistant to 1—sus 
ceptible to 5 4 
positive Resistant to 1 and 54 
positive | Resistant to 1 and 54 
positive Resistant tol and 54 0 
positive Resistant to 1 and 54 K Worse 
positive Resistant tol and 54 Worse 
positive Resistant tol and 54 Worse 
positive Resistant to 1 and 5} 0 
positive Resistant tol and 54 Worse Left upper lobec 
tomy at 4 months 
Discontinued ; in 
crease in bromsul 
phalein retention 
Discontinued; skin 
rash 
Discontinued; drug 
fever 
Discontinued; joint 
and chest pain 
Discontinued; died 


1.0 y of isoniazid at the beginning of the study had received four months or less of iso- 


niazid therapy previously 

Three patients (Cases 1, 2, and 3) had tubercle bacilli susceptible to 1.0 y of isoniazid 
at the beginning of the study. Two of these patients (Cases 2 and /) “converted”’ their 
sputum at one month and at six months, respectively, on pyrazinamide-isoniazid therapy 
alone. The patient of Case 1 continued to have organisms susceptible to 1.0 y of isoniazid 
during the entire study. The third patient (Case 3), who had isoniazid-susceptible organ 
isms immediately prior to the pyrazinamide-isoniazid therapy, had organisms resistant to 
5.0 y demonstrated in his sputum three months prior to the study and during the second 
month of the study, so that the validity of the drug-susceptibility test done on the first 
month’s sputum is in doubt. This patient did poorly during the study. 

Three patients (Cases 4, 5, and 6) had organisms resistant to 1.0 y and susceptible to 
5.0 y of isoniazid at the beginning of the study. One patient (Case 4) failed to “convert” 
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his sputum until a right upper lobectomy was performed during the fourth month of the 
study. This patient’s organisms demonstrated resistance to both 1.0 and 5.0 y of iso- 
niazid during the third month of the study, but organisms recovered from his lung tissue 
were resistant to 1.0 y and susceptible to 5.0 y. The second patient (Case 5) failed to 
“eonvert” his sputum or improve. His organisms became resistant to 5.0 y of isoniazid 
during the fourth month of the study. The third patient (Case 6) had organisms susceptible 
to 1.0 and 5.0 y of isoniazid during the fifth month and organisms resistant to 1.0 and 5.0 
y during the sixth month of the study. His sputum “converted” at the eighth month of 
continued pyrazinamide-isoniazid therapy. Surgery was performed at a later date and 
the patient has continued to do well. The remaining 8 patients had tubercle bacilli which 
were resistant to 5.0 y of isoniazid. These patients failed to “‘convert”’ their sputum or 
demonstrate roentgenographic improvement although some had symptomatic improve- 
ment during the study. The drug-susceptibility studies remained unchanged on all of 
these patients except one (Case 12) who had organisms susceptible to 1.0 y and resistant 
to 5.0 y during the second and third months only 

Of the 14 patients who completed the study, the roentgenographic evidence of disease 
remained unchanged in 8, became worse in 5, and improved in one 

In summary: Pyrazinamide and isoniazid were administered over a six-month period 
to 14 patients who had received previous isoniazid therapy. The patients were observed 
for sputum “conversion” and roentgenographic change. Although the number of patients 
is small, it appears that isoniazid susceptibility plays an important role in the results of 
combined pyrazinamide-isoniazid therapy. The 2 patients (Cases / and 2) who converted 
their sputum during the study have had surgery subsequently and have continued to do 
well one year following the study. The third patient (Case 4) who converted at the end 
of four months with the help of surgery also has continued to do well one year following 
the study. The remainder of the patients in the study have died or failed to improve. 
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CHALLENGE OF MACACUS IRUS WITH HISTOPLASMA CAPSULATUM' 


Histoplasmosis has been shown to occur naturally in many animals. Emmons et al.? have 


proved, by isolation of Histoplasma capsulatum, infections in dogs, cats, rats, mice, wood- 
chucks, skunks, opossums, and foxes obtained from a known endemic area. Others have 
also shown the dog to be a natural host for H. capsulatum.*: 4 Experimental histoplasmo- 
sis has been studied in various animals, including guinea pigs, white mice, rats, dogs, 
hamsters, and Macacus rhesus monkeys.** In the reports reviewed, parenteral challenge 
has been employed. The respiratory route was used successfully by Farrell et al.® to induce 


the disease in dogs. 
This report gives details of results obtained following intratracheal and intracardial 
challenge of cynomolgous (M. irus) monkeys with yeast phase H. capsulatum. 


The monkeys used were salvaged from experiments using poliomyelitis virus. The ani 
mals had been fed a suspension of virus and failed to show clinical symptoms of the disease 
Approximately six months elapsed between the time of challenge with the virus and the 
time when the animals were used for these experiments. Monkeys were caged individually 
and fed on laboratory chow supplemented with fruit throughout their lifetime 

The microorganism used was a strain of H. capsulatum (G17M) derived originally from 
a human with histoplasmosis. The LD» of this strain for white mice has been found to 
be 1.3 X 10° with 95 per cent confidence limits of 0.72 X 10©2.3 X 10°. This strain was also 
infectious for guinea pigs at the time these experiments with monkeys were carried out 
Blood agar slants containing antimicrobial drugs were inoculated and grown at 37°C. for 
ninety-six hours. The yeast phase cells of H. capsulatum were suspended in a small amount 
of brain-heart infusion broth (Difeo"). This suspension was diluted and counted in a 
hemocytometer by methods previously described." In the experiment using intratracheal 
challenge, the population estimate was 120 X 10° organisms per ml. Two milliliters of this 
suspension were added to 10 ml. of sterile mucin (Wilson, Type 1701W). Therefore, the 
inoculating suspension was estimated to contain 20 X 10° organisms per ml. The inocultim 
for the parenteral challenge experiment was counted in the same manner and determined 
to contain 168 X 10° organisms per ml. One milliliter of this suspension was injected intra 
cardially into the monkeys. Each animal, challenged intratracheally, was given 1 ml. of 
the described mucin suspension through a sterile ureteral catheter inserted through a small 
bronchoscope. The thinly viscid solution was emptied from the catheter as completely as 
possible 

The skin test antigen used was commercially available histoplasmin diluted 1:100 and 
injected intradermally 

The complement-fixation procedure used was a modification of the Micro-Kolmer method 
The antigen employed in the test was a 1:20 dilution of a cell-free extract of yeast phase 


H capsulat um." 


' Work reported in this paper was carried out under a research grant from the United 
states Department of the Navy, Office of Naval Research 

? Emmons, C. W., et al.: Am. J. Hyg., 1955, 61, 40 

> Coxe, C. R., et al.: J. Am. Vet. M. A., 1953, 122, 471 

‘ Roprnson, J. M., anp Korcner, E.: Pub. Health Rep., 1951, 66, 153: 

> Mipp.eton, V. G.., et al.: Proc. Soe Exper Biol. & Med., 1950 

* Rew, J. D., et al.: J. Lab. & Clin. Med., 1942, 27, 419 

7 Parsons, R. J Arch. Path., 1942, 34, 229 

*Satvin, S. B.: J. Infect. Dis., 1954, 94, 22 

* DeMonsrevn, W. A.: Am. J. Trop. Med., 1934, 4, 127 

‘© FARRELL, R. L., ef al.: Proce. Soc. Exper. Biol. & Med., 195: 

' Marcus, 8., anp Rampo, F. R.: Bact. Proc., 1952, p. 88; J. I 

'? Hii, G. A., et al.: Bact. Proc., 1953, p. 36 
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TABLE 1 
Resuvts or InTRACARDIAL CHALLENGE oF CynomoLcous Monkers with H. CapsuLatum 
(Two Monrnas) 


Anima! Number Complement-Fixation 
Titer 
Before After 


Negative Positive* 1:160 
Negative Negative 1:160 
Negative Positive 1:40 
Negative Negative 1:80 
Negative Positive 1:40 
Normal controls 
6,7,8 Negative 


* Induration of 5 mm. or more after forty-eight hours 


Six monkeys (4 males and 2 females) were injected intratracheally with yeast phase 
H. capsulatum. The animals showed no evidence of infection during a six-month period of 
observation following challenge. Histoplasmin skin tests prior to challenge, three weeks and 
also six months following challenge, were all negative. No antibody could be demonstrated 
in the individual serum by complement-fixation technique. Prior work," using the cell free 
extract of yeast phase organisms, had proved this antigen to be a sensitive detector of 
circulating antibody against these organisms. Portions of spleen, liver, and lungs were 
cultured on blood agar. All cultures were negative for H. capsulatum over a fourteen-day ob- 
servation period. Macroscopic examination of the tissues was normal and sections" pre 
pared from different portions of lung, as well as abdominal viscera, showed no changes 
related to histoplasmosis. 

The results obtained with 5 cynomolgous monkeys injected intracardially with yeast 
phase H. capsulatum are presented in table 1. It may be seen that animals /, 3, and 5 con- 
verted from negative to a positive histoplasmin skin test two months after challenge. All 
animals had a complement-fixation titer of 1:40 or greater at this time. However all 
culture results, as well as both gross and microscopic examination" of tissues of the sac 
rificed animals, showed no evidence of infection. 


> * 


The data presented indicate tha cynomolgous monkeys are highly resistant to chal 
lenge with H. capsulatum either by intratracheal or intracardial routes. These results are 
in contrast to those obtained by DeMonbreun® who found that “by means of intravenous 
injection of cultures of yeastlike forms of the fungus, a fatal disease possessing all of the im 


portant clinical and pathological features exhibited by all of the reported cases of Dat 
ling’s histoplasmosis has been induced in two monkeys following an intravenous injection 
of 5 ce’s of a broth suspension of a 5-day culture from a blood agar slant.”” DeMonbreun, 
however, employed the M. rhesus monkey. Also, this investigator was unable to infect 
one monkey by an intravenous injection of mycelial forms of the fungus. 

It may be seen that no apparent correlation exists between skin test results and anti- 


body titers as determined by the complement-fixation test. 


18 Sections prepared at Latter Day Saints Hospital, Salt Lake City, and examined by 
Dr. F. D. Gunn 

‘4 Sections prepared at Veterans Administration Hospital, Salt Lake City, and exam- 
ined by Dr. O. N. Rambo 
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In summary: Monkeys (Macacus irus) were challenged with large numbers of H. cap- 
sulatum yeast phase cells both by respiratory and intracardial routes. Over a six-month 
period, animals inoculated intratracheally showed no signs of infection either by skin 
tests or complement fixation. Culture results, as well as gross and microscopic examina- 
tion of body tissues, of the sacrificed animals were negative. Animals injected intracardi- 
ally gave a complement-fixation antibody titer of 1:40 or more, and 3 showed a positive 
skin test with 1: 100 histoplasmin two months after challenge. Infection was not apparent, 
however, either by culture or by gross and microscopic examination of body tissues. 
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SARCOIDOSIS 


To the Editor of The American Review of Tuberculosis and Pulmonary Diseases: 


A conference on sarcoidosis, sponsored by the Division of Medical Sciences of the Na- 
tional Academy of Sciences-National Research Council at the request of the Department 
of Medicine and Surgery of the Veterans Administration, was held in Washington, D.C., 
October 21-22, 1956. Its purpose was to review current advances in knowledge of sarcoido- 
sis and formulate the present understanding of this disease. At the conference, the second 
of its kind under the auspices of the Academy-Research Council (the first was held on 
February 11, 1948), a definition of the disease was drawn up to replace that made at the 
first conference 

The following attended the meeting in October, 1956: Dr. John B. Barnwell, Veterans 
Administration, Washington, D.C.; Dr. Gilbert W. Beebe, Division of Medical Sciences, 
National Academy ot Sciences-National Research Council, Washington, D. C.; Dr. Horace 
W. Bernton, Veterans Administration, Washington, D.C.; Dr. David T. Carr, Mayo 
Clinic, Rochester, Minnesota; Dr. John 8. Chapman, University of Texas, Dallas, Texas; 
Dr. David A. Cooper, University of Pennsylvania, Philadelphia, Pennsylvania; Dr 
Martin M. Cummings, Veterans Administration, Washington, D. C.; Dr. Thomas D 
Dublin, National Institutes of Health, Bethesda, Maryland; Dr. Edward Dunner, Veterans 
Administration, Washington, D. C.; Dr. Michael L. Furcolow, Public Health Service, 
Kansas City, Kansas; Dr. Harriet L. Hardy, Massachusetts General Hospital, Boston, 
Massachusetts; Dr. Harold L. Israel, Graduate School of Medicine, University of Pennsy! 
vania, Philadelphia, Pennsylvania; Dr. Frank B. Johnson, Armed Forces Institute of 
Pathology, Washington, D. C.; Dr. William Lester, Jr., Suburban Cook County Tubercu 
losis Sanitarium District, Hinsdale, Illinois; Dr. Esmond R. Long, Pedlar Mills, Virginia; 
Dr. Harold M. Nitowsky, Sinai Hospital of Baltimore, Baltimore, Maryland; Dr. Byron 
J. Olson, National Institute of Allergy and Infectious Diseases, Bethesda, Maryland; Dr 
James F. O'Rourke, National Institute of Neurological Diseases and Blindness, Bethesda, 
Maryland; Dr. Philip 8. Owen, Division of Medical Sciences, National Academy of Sci 
ences-National Research Council, Washington, D.C.; Dr. John C. Ransmeier, Alexandria, 
Virginia; Dr. Arnold R. Rich, Johns Hopkins University, Baltimore, Maryland; Dr 
Philip E. Sartwell, Johns Hopkins University, Baltimore, Maryland; Dr. Maurice Sones, 
Woman’s Medical College, Philadelphia, Pennsylvania; Dr. Ludwig von Sallman, Na- 
tional Institute of Neurological Diseases and Blindness, Bethesda, Maryland; Mr. John 
H. Williams, Veterans Administration, Washington, D. C.; and Dr. Lorenz E. Zimmerman, 
Armed Forces Institute of Pathology, Washington, D. C 

The discussions lasted a day and a half. At the beginning of the second day a subcom 
mittee, consisting of Dr. Chapman, Chairman, and Drs. Dublin, Furcolow, Israel, and 
Zimmerman, presented a tentative draft of a new definition. After general discussion the 
following statement, predicated on a distinction between “sarcoidosis” and “sarcoid,” in 
which the latter term is reserved for single local lesions, was adopted as an expression of 
the consensus of the conference 

Sarcoidosis is a systemic disease, or group of diseases, of undetermined etiology 
and pathogenesis. Histologically, it is marked by the presence of epithelioid cell 
tubercles, showing little or no necrosis. Varying types of inclusions in giant cells 
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may be present but are not pathognomonic. A similar histological picture may 

be found in certain other diseases, especially in infectious granulomas and in 

beryllium poisoning. Clinically, the disease most frequently involves lymph 

nodes, lungs, skin, eyes, liver, spleen, and phalangeal bones. The course is usually 
chronic and constitutional symptoms vary markedly. More specific symptoms, 
when present, relate to the tissues and organs involved. 

The intracutaneous tuberculin test is frequently negative, but a positive test 
does not controvert the diagnosis. Hyperglobulinemia and leucopenia are com- 
mon, and hypercalcemia, hypercalcinuria, elevated alkaline phosphatase, and 
eosinophilia are variable but sometimes significant features of sarcoidosis. 

The diagnosis of sarcoidosis is based upon the above clinical features associ- 
ated with a compatible histological picture, provided beryllium poisoning and in- 
fectious processes of known etiology can be excluded. Spontaneous clinical re- 
covery, with or without recognizable fibrosis, may result, or sarcoidosis may 
persist for years with varying functional alteration of the tissues or organs in- 
volved, or the disease may follow a progressive course ending fatally. 

The conference group listed the following as problems meriting immediate further 
study: 

1. Intensive study of epidemiology. 

2. The natural history, progression and course of the disease. 

3. A pathological case registry for sarcoid-like lesions at the Armed Forces In- 
stitute of Pathology 

4. A study of constitutional factors in the host. 

). Systematic application of all newer research principles and techniques to the 
study of sarcoidosis 
6. A controlled study of the effect of adrenal cortical steroids upon the lesions 

of sarcoidosis 
7. International cooperation and study of geographic variations in incidence 

and other features of the disease." 

8. Further study of the Kveim antigen, both with respect to the possibility of 
producing it in tissue culture and with regard to the establishment of a repos- 
itory for its standardization. 

Of these recommendations, only that to establish a registry at the Armed Forces In- 
stitute of Pathology (AFIP) was extensively discussed, both pro and con, and it was finally 
decided to supplement the general recommendation with a more specific statement drafted 
by Drs. Johnson and Zimmerman at the request of the Chairman, and approved by vote 
of the Conference, as follows: 

A registry for cases of sarcoidosis and of lesions simulating sarcoidosis should be estab- 
lished at the Armed Forces Institute of Pathology to facilitate clinical and pathological 
studies during the next five years. 

1. Functions of the Registry: (a) To establish and apply uniform criteria for pathological 
diagnosis of cases to be studied clinically; (6) to compare the pathology of sarcoidosis 


' There was also some discussion of the place of sarcoidosis in the Sixth Revision of the 
International Lists of Diseases and Causes of Death since, in the published tabulations, 
*“‘sarcoidosis’’ appears in the general rubric ‘‘all other infective and parasitic diseases.”’ 
However, sarcoidosis does enjoy a unique place in the Sixth Revision (Code 138.0) as ‘‘Sar 
coid of Boeck’’ and wherever coding extends to four-digit detail, as in the National Office 
of Vital Statistics, sarcoidosis cases can be isolated even though separate counts may 


not be published 
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with that of berylliosis and of the other specific causes of sarcoid lesions; (c) to stimulate 
study of the geographic pathology of sarcoidosis; (d) to provide pathological material for 
investigators; and (e) to aid in long-range follow-up study. 

2. Personnel: (a) An experienced full-time pathologist to serve as registrar; (6) at least 
three other pathologists and one clinician available as consultants; and (c) technical and 
secretarial assistance 

3. Criteria to be met for cases to be included in the Registry: (a) Confirmation of patho- 
logic diagnosis by registrar and his pathology consultants; (6) availability of paraffin 
blocks and/or wet tissue; and (c) provision of complete clinical record acceptable to 
clinical consultant, including pertinent X-rays. 

4. Source of cases to be entered with the Registry: (a) Armed Services; (6) Veterans Ad- 
ministration; (c) U.S. Public Health Service; (d) Non-federal investigators; and (e) for- 
eign investigators 

Discussion brought out that civilian investigators would be uncertain, if not hesitant, 
about the selection of their material for submission to the proposed Registry. It was 
pointed out that no improper use of the material could be made, that submission would 
be entirely voluntary, and that it was up to the investigator to decide on his course of 
action. However, the Registry should not be a repository for atypical cases. Cases already 
submitted to the AFIP may number 1,600, and these would be screened for eligibility, 
not automatically placed in the Registry at the outset. It was thought that the VA and 
(FIP series overlap to a large extent, and that the VA could help the AFIP by providing 
some of the missing clinical information that present AFIP cases might need before they 
could be admitted to the Registry 

It was recommended that a similar conference be held under the auspices of the Acad- 
emy-Research Council two years hence to review progress and recast the definition if 
necessary, and that an interim committee be appointed to stimulate the desired investi- 
gation and make arrangements for the third conference. 

This brief review is being sent to you in the belief that the results of the conference will 
be of interest to readers of Toe American Review or TUBERCULOSIS AND PULMONARY 


DIsEASES 


PeptarR VirGrnia Esmonp R. Lone 
Chairman of Conference on Sarcoidosis 


December 31, 1956 


SPUTUM COLLECTION DURING LOCAL ANESTHESIA 
To the Editor of The American Review of Tuberculosis and Pulmonary Diseases: 


The article in the December, 1956, issue of Tae AmMertcan Review or TUBERCULOSIS 
by Drs. Lowenstein and Gale of the Veterans Administration Hospital of Albuquerque, 
New Mexico, stresses the advantage of sputum collection during the process of inducing 
local anesthesia for bronchoscopy or bronchography. The procedure advocated by them 
is, | am sure, of distinct value and is in essence a tracheal lavage using the topical anes- 
thetic solution as the lavage material. 

This article calls to mind the frequently mentioned observation regarding post-instru- 
mentation collections of sputum for culture of Mycobacterium tuberculosis. It has often 
been noted that sputum volume is markedly increased during the first twenty-four to 
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forty-eight hours following a bronchoscopy, and on many occasions valuable bacteriologic 
data are obtained by the collection of specimens at this time. The expectorant value of bron- 
choscopy should be recognized and utilized, perhaps more frequently than it is, in diagnosis. 


507 Marie Srreer Yours very truly, 
San Dreco, CALirornia V. J. WyBorney 


January 10, 1957 


Books 


Cancer or THE Lune. By M. B. Rosenblatt and James R. Lisa. Pp. 330, Oxford Uni- 
versity Press, New York, 1956. Price, $15.00 


The gloomy facts about cancer of the lung are constantly repeated in this little book: 33 
per cent operability in 15,000 collected cases, 18 per cent resectability with five-year 
survival in 20 to 25 per cent of the resected cases and a 5 per cent survival for the entire 
group 

In general, the book, written by a number of contributors, tends to be elementary and 
discursive. There are long chapters on symptomatology, physical signs, and roentgeno 
graphic examination, in which a good deal of space is devoted to presentation of illustra 
tive cases. This method of presentation is attractive to medical students but one has the 
feeling that the authors have overdone the business of being systematic 

The chapters on prevalence of cancer of the lung are detailed and provocative. The 
authors are inclined to take the position that the increase in pulmonary cancer is a fune- 
tion of the increasing age of our population and of our increasing interest in the disease 
and improved facility in its diagnosis. They point to the parallel increase in the incidence 
of bronchial adenoma. As for the relation of smoking and pulmonary cancer, they are 
unimpressed, citing relative increase of cancer among men despite the increase of smoking 
among women, the lack of correlation internationally between figures for per capita cig 
arette consumption and the death rate from lung cancer, the variability of lung cancer 
rates depending on the availability of diagnostic facilities and the greater correlation in 
some reported studies of age and cancer than of smoking and cancer. However, there is 
no attempt to explain the study of Hammond and Horn 

The chapter on pathology is detailed and well illustrated. There is a good chapter on 
roentgenographic aspects of lung cancer and another on exfoliative cytology. Chamber 
lain’s chapter on surgical therapy is lucid and explicit, but the little pen and ink illustra 
tions of technique perhaps carry the virtue of simplicity to an extreme 

It is good to see the place of lobectomy for cancer of the lung taken for granted and the 

radical’’ pneumonectomy questioned. The lung was not designed for cancer surgery 
The surgeon must accept that as a limiting factor 

Mark M. Raviren 
Baltimore, Maryland 


REHABILITATION LrreratTuRE, 1950-1955. Compiled by Earl C. Graham and Marjorie 
M. Mullen. Pp. 621, The Blakiston Division of MeGraw-Hill Book Company, Inc., New 
York. 1956. Price. $13.00 


In Rehabilitation Literature, 1950-1955, compiled by Earl C. Graham and Marjorie M 
Mullen, librarians on the staff of the National Society for Crippled Children and Adults, 
ire indexed and annotated 5,214 periodical articles, pamphlets, and books relating to 
the medical care, education, employment, welfare, and psychology of handicapped chil 


dren and adults. This book brings together in one alphabetic listing, by subject, references 
published in the six-year period from January, 1950, through December, 1955 
\pproximately one-half of the references are identified with medical and associated 


fields of therapy. These references will be found chiefly in libraries serving medical and 
para-medical groups. The other references are fairly equally divided among the other 
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professional areas of rehabilitation, such as special education, psychology, mental health, 
social service, parent education, recreation, vocational guidance, and employment. The 
latter services are likely to be found in the general collections of public, college, and uni 
versity libraries. 

It is the intent of this bibliography to help the staff and student, not only to identify 
recent literature in his professional area of responsibility, but also to be informed of the 
literature in other areas of rehabilitation, thereby obtaining a clear concept of the entire 
rehabilitation program and of the coordinated efforts of the different professional skills 
needed for its solution 

Brought together in the volume are not only references in the different professional 
specialty areas, but also references bearing on rehabilitation in the various disability 
areas, including tuberculosis; cerebral palsy; brain injuries; mental retardation; impair 
ments of hearing, sight, and speech; heart disease; poliomyelitis; chronic disease and the 
aged; arthritis; epilepsy; amputation; hemiplegia, paraplegia, and quadriplegia; aphasia; 
multiple sclerosis; muscular dystrophy; Parkinson’s disease; and other congenital and 
acquired diseases and handicapping conditions 

The National Council on Rehabilitation, now out of existence, published Rehabilitation 
of the Handicapped—A Bibliography—1940-1946. This two-volume publication, no longe1 
available for purchase, was a guide to thousands of the best reported studies which have 
been made of handicapped persons and of attempts to restore them to “the fullest physical, 
mental, social, vocational, and economic usefulness of which they are capable.” 

The new publication, Rehabilitation Literature, 1950-1955, is therefore most timely 
and will be weleomed by every person who has occasion to familiarize himself with what 
is new and good in rehabilitation 

\. Ryrie Kocu 
New York, New York 


Coeur ET Poumons. By P. Soulié, E. Brial, J. Carlotti, J. DiMatteo, Fr. Joly, P. Laurens, 
\. Piton, J. R. Sicot, J. Delarue, G. Brouet, R. Depierre, M. Bariéty, and J. Paillas. Pp 
224 with illustrations, Masson et Cie., Paris, 1955. Price, Fr. 1.600 


This book deals with three subjects: techniques used for studying heart function; the 
problem of mediastinal adenopathies; and primary cancer of the main bronchi 

It represents the written form of postgraduate lectures known as the “Conferences 
d’Actualites Pratiques”’ of the Paris Medical School which bring together annually general 
practitioners and specialists who wish to acquire knowledge of the most recent medical 
findings and technical advances. While the reader may be aware of many of these recent 
techniques, their interpretation and application by the authors are of interest. The topics 
discussed are not merely of general information, but are of the most recent medical discoy 
eries, ideas, and viewpoints of specialists. 

SuzaNNE G. RENARD 


New York, Ne Ww York 


Your Wortp anp Mine. By Halbert L. Dunn. Pp. 94, Exposition Press Inc., New York, 
1956. Price, $3.00. 


Your World and Mine is a warmly personal exposition of a kindly, charitable physician's 
own philosophies in meeting life’s daily problems. It contains examples that will touch 
responsive chords in all thoughtful persons. 
Esmonp R. Lone 
Pedlar Mills, Virginia 
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Les TRAITEMENTS ACTUELS DES TUBERCULOSEs CuTaN&es. By Claude Huriez and Pierre- 
H. Pelcé. Pp. 120, Masson & Cie., Paris, 1956. Price, Fr. 1.200. 

TusercuLosis SurveY IN THE SoMALILANDS. Pp. 36, World Health Organization, Copen- 
hagen, December, 1956. 

XIVrn InrernationaL Tuspercutosis Conrerence. Edited by W. Geller. Pp. 711, 
International Union Against Tuberculosis, Paris, 1956. 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


Obituaries 


Harry Alfred Bray 
1880-1956 
Harry Bray of Ray Brook, the recent dean of chest specialists in the Saranac Lake 
area, died at his home there on November 15, 1956, at the age of seventy-six years. He 
had long been known to hundreds of physicians as a good friend, teacher, stimulator of 
research, and a persistent and even stubborn seeker of medical truths. 


Dr. Bray, often referred to as “Uncle Harry” by his colleagues and patients, was born 
in Thorald, Ontario, on September 10, 1880. He received his medical degree from Toronto 
University in 1904. He was a licentiate of the Royal College of Physicians in Edinburgh 
in 1905 and soon went to work at Ray Brook (the New York State Hospital for Incipient 
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Tuberculosis). He became superintendent in 1919, and remained there throughout his 
career as a contemporary of such Saranac and Trudeau physicians as Lawrason Brown, 
Edward Baldwin, J. Woods Price, Leroy Gardner, Hugh Kingborn, Francis Trudeau, and 
of 8. A. Petroff and Homer Sampson. His many staff members who are well known include 
David Smith, Hugh Burke, Julius Wilson, Mack McConkey, and many others. 

Using Ray Brook as his base of operations, Dr. Bray became teacher or consultant in 
many institutions throughout the State of New York. He became a lecturer in tuberculo 
sis at Cornell University Medical College in 1921; was an associate visiting physician at 
Bellevue Hospital from 1929 to 1931; was assistant and attending physician at New York 
Hospital in 1931; consulting physician at Otisville in 1926; medical consultant at the 
Plattsburgh Staff Physicians Hospital since 1928; a member of the Trudeau School faculty 
since 1917; and Associate Professor of Medicine at Albany Union University since 1937. 
He was a member of the American Medical Association and New York State Medical 
Society, the National Tuberculosis Association, the American Sanatorium Association, 
and its successor the American Trudeau Society, and the American Clinical and Clina 
tological \ssociation 

Dr. Bray’s biography would not be complete without mentioning the gratitude his 
patients felt for the way he personally helped with their problems, and the fact that for 
more than thirty years he worked with the handicap of a considerable blindness, the re 
sult of a herpes of the cornea which often forced him to live in a darkened room. He found 
time to be a preceptor to his resident staff and visiting students; to explore unproved be 
liefs and uncertain terms; to plan for the comfort of his patients and staff; to entertain 
and learn from many American and foreign physicians; and to insist on integrity and 
other basic virtues in his pupils, whose speaking and writing methods he painfully polished 
to perfection. He had recently been retired, and had suffered from hypertension and two 


cerebral vascular attacks 


David Russell Lyman 
1876-1956 


David Lyman, one of the best loved and most honored “senior senators”’ in tuberculosis 
work, died at New Haven on October 15, 1956 

Dr. Lyman was a native of Buffalo, New York. He was graduated from the Department 
of Medicine of the University of Virginia in 1899. He served his internship at Johns Hop 
kins, and then followed the footsteps of others from there by serving as assistant resident 
physician at Trudeau Sanatorium from 1901 to 1903. He went from Saranac Lake to the 
New Gaylord Sanatorium in 1903 as superintendent, in which post he served until his 
retirement in 1953. “Gaylord Farm,” as it was called, was a cottage type of sanatorium 
closely connected with Yale and New Haven. There only tuberculous patients were cared 
for until its reeent acceptance of patients with other heart and lung diseases. 

Dr. Lyman was a lecturer on tuberculosis at Yale for many years, and received honorary 
degrees from Yale and Wesleyan universities. He was a founder of the National Tuber 
culosis Association; its president in 1918; he received the Trudeau Medal in 1926, and was 


president of the American Sanatorium Association (predecessor of the American Trudeau 
Society) in 1926 to 1927. He was the president of the New Haven County Medical Society 
in 1919, the Connecticut State Medical Society in 1922, the Connecticut Tuberculosis 
\ssociation in 1940, and the American Clinical and Clinatological Society in 1926. He 
was a member of many other medical societies, and had community interests in Yale, in 


service work, in banking, et cetera. He was honored in recent years by the creation of a 
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David Russell Lyman Education Loan Fund by the New Haven Tuberculosis and Health 
Association 

A recital of the works and honors of a man provide a fairly good measure of his value 
and the respect of his colleagues. Dave Lyman also had their affection because of his 
kindness and helpfulness. He was one of the last of a group of men who seem to us to stand 
out “nine feet tall,”’ and who have been quietly heroic in helping to bring the scourge of 
tuberculosis into control during the past sixty years. 

W. H. O., Jr 


Grover C. Bellinger 
1884-1956 


Grover C. Bellinger, for more than forty years a chief builder and manager of antitu 
berculosis efforts in the State of Oregon, died in Salem, on October 24, 1956, at the age 
of seventy-two years, after an illness of a few months. 

Dr. Bellinger was born at Jefferson in the mid-Willamette Valley of Oregon on August 
25, 1884. He attended the local schools and received a degree from the School of Pharmacy 
at Willamette University in 1903. He then worked as a pharmacist while attending medi 
cal school at the University of Oregon. After starting practice he became a member of 
Marion County, State, and American medical associations. His interest in tuberculosis 
work led him to take a postgraduate course at Harvard in 1911, and on his return in 1913 
he became head of the Oregon State Tuberculosis Hospital. It had been founded in 1910 
and he was its third superintendent. He had helped to enlarge it from 50 beds to a capacity 
of 300 when he retired forty-one years later in 1954 

Dr. Bellinger was a leader in antituberculosis work in his state, being a founder of the 
Oregon Tuberculosis Association. He represented Oregon in National Tuberculosis Associ 


ation affairs as a long-time director and a vice president. After being a member of the council 
and advisory board of the American Trudeau Society he served as president in 1950-1951 
He also was a council member and vice president of his state medical society. He served as 


adviser to the Oregon Selective Service in both world wars, and was area consultant 


for the Veterans Administration. He was made an honorary member of the American 
College of Chest Physicians in 1952 

Dr. Bellinger also filled the years with medical writings, educational speeches, and such 
homely but representative tasks as editor of his sanatorium paper. He is survived by his 
widow, a son, a daughter, a brother, a sister, seven grandchildren, and a host of friends 


who remember him with pride and pleasure 


Charles Albin Bundsen 
1873-1956 


Dr. Charles Albin Bundsen died on Monday, September 3, 1956, at the age of eighty 
three years and eleven months in the Swedish National Sanatorium, an institution which 
he founded fifty years ago 

Dr. Bundsen was a specialist in pulmonary tuberculosis. He received his early educa 
tion in Sweden and came to this country in 1895. He served as a member of the Hospital 
Corps in the Philippine Islands during the Spanish-American War from 1898 to 1899 
He received his medical degree at the Gross Medical College at the University of Colorado 
in 1902 and began his medical career at that time. He did postgraduate work in Europe 
from 1910 to 1930 and studied at the Trudeau School for Tuberculosis in 1922 


W. H. O., Jr 
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Dr. Bundsen was an active participant in many medical organizations, especially those 
pertaining to public health and tuberculosis. He was a member of the Colorado State 
Board of Health from 1910 until 1914, American Medical Association, State Medical So- 
ciety of Colorado, County Medical Society of Denver, the National Tuberculosis Asso- 
ciation, the American Trudeau Society, the Colorado Tuberculosis Association, and the 
Denver Area Sanatorium Council. He had been a member of the staff of Mercy Hospital 
since 1904. 

Dr. Bundsen was decorated by King Gustav V, King of Sweden, as Knight of the Royal 
Order of Vasa, First Class. 

He is survived by his wife, Eva, whom he married on February 3, 1919 

W. J. B. 


Walter Bradford Metcalf 
1867-1956 


Dr. Walter Bradford Metcalf, long a member of the American Trudeau Society, died 
in Los Altos, California, on September 2, 1956. He was born in Marengo, Illinois, on 
January 3, 1867, and spent most of his professional career in his native state. After re- 
ceiving the degree of Doctor of Medicine from the Northwestern University Medical 
School in 1894, he began to practice medicine in Chicago. He early exhibited great in- 


terest in the various phases of pulmonary tuberculosis. 

Dr. Metealf was a member of the faculty of the College of Medicine of the University 
of Illinois and became certified as a specialist by the American Board of Internal Medicine. 
While serving as a consultant to the City of Chicago Municipal Tuberculosis Sanitarium 
and being active on the staff of the Cook County Hospital, he also participated in the 
voluntary movement against tuberculosis. In the latter capacity, he interested himself in 


the affairs of the Chicago Tuberculosis Association, ultimately becoming its president. 
Dr. Metcalf was a member of the Illinois State Medical Society and the American College 
of Physicians. Following retirement from active practice, he was no longer able to take 
part in functions of the American Trudeau Society as in earlier years. He died at the age 
of eighty-nine years from carcinoma of the prostate with pulmonary metastases. We 
have lost from our midst one more of those hardy pioneers who struggled with tuber- 
culosis at a time when hope seemed illusory, yet lived to see the “‘spes phthisica’’ become 


a valid actuality 


Rollin David Thompson 
1890-1956 


Rollin D. Thompson, a native of Wisconsin and a former president of the National 
Tuberculosis Association, died on November 25, 1956, in the Veterans Administration 
Hospital at Coral Gables, Florida, at the age of sixty-six years. 

Dr. Thompson was born in Wisconsin in 1890. He was graduated from Black River Falls 
High School, and received his medical degree from the University of Illinois in 1914. He 
interned at the Milwaukee County Hospital; was a junior resident at Muirdale Sanato 
rium; and then practiced at Reedsburg, Wisconsin, until service in the Medical Corps of 
the National Guard during World War I 

\fter the war Dr. Thompson practiced for five years in Baraboo, Wisconsin, and then 
went into a long period of sanatorium work as superintendent of the Fairmount Hospital 
at Kalamazoo, Michigan. Four years later he took a similar post at the Wisconsin State 
Sanatorium at Wales, and in 1937 became medical director and superintendent of the 
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Florida State Sanatorium at Orlando. He was superintendent of all Florida state sanato- 
riums from 1946 to 1949. He went to California in 1949 to run the La Vina Sanatorium in 
Altadena, but was persuaded to return and complete the new sanatorium at Lantana, 
Florida. He remained there until he retired to live in Coral Gables and to complete his 
career as consultant in tuberculosis for the Regional Office of the Veterans Administration 
in Miami. He was a member of the Veterans Administration attending staff in the Coral 
Gables Hospital. 

Dr. Thompson was a member of the Board of Directors of the National Tuberculosis 
Association for fourteen years and was president of the Association in 1949-1950. He also 
served as president of the Southern Tuberculosis Conference. He was a member of the 
American, Florida, and Palm Beach medical societies; the American College of Physicians; 
the American Trudeau Society; and the Board of the Dade County and the Florida Tuber 
culosis and Health associations. The last-named group gave him an award of merit this 
past year which he highly prized. 

Dr. Thompson made his own final diagnosis of cancer of the lung; he kept the situation 
a secret in his quiet, reserved way; and gallantly continued his work until it was no longer 
possible. He is survived by his wife, Elda, two sons and a twin brother, R. W. Thompson 

W. H. O., Jr. 


NOTICES 


The following dates and locations of the next four annual meetings of the National 
Tuberculosis Association and the American Trudeau Society have been selected and 
approved 

1957—Kansas City, Missouri—May 5-10 
1958—Philadelphia, Pennsylvania—May 19-24 
1959—Grand Rapids, Michigan—May 25-29 
1960—Cincinnati, Ohio—May 15-20 


INTERNATIONAL MEDICAL-SURGICAL MEETINGS-—TURIN, ITALY 


From June 1 to 9, 1957, the Third International Medical Surgical Meetings will be held 
at the palace of ‘“‘Torino-Esposizioni” at Turin, Italy. During this period meetings will 
be held of the International Congress on Nuclear Medicine, the International Congress 
on Photobiology, and the International Congress on the Problems of Goiter, as well as 
the national congresses on chemotherapy and gastroenterology, and the National Con 
gress of the Italian Society of Surgery. For further information, write to “Segreteria 
Generale: Minerva Medica, Corso Bramante 83-85, Torino, Italy 


NAPT COMMONWEALTH CHEST CONFERENCE 1958 


From July 5 to 7, 1958, the National Association for the Prevention of Tuberculosis 
will hold its annual chest conference in London, England. This conference will enable 
those interested in tuberculosis and diseases of the chest and heart, and other problems 
of preventive medicine, to meet workers in similar fields throughout the world and to 
visit hospitals and clinics in Great Britain. For further information, write to the National 
Association for the Prevention of Tuberculosis, Tavistock House North, Tavistock 
Square, London, W. C. 1, England 


GUIDE FOR TUBERCULOSIS CONTROL PROGRAM FOR GENERAL HOSPITALS 


\ Guide for a Tuberculosis Control Program for General Hospitals has been prepared by 
the Tuberculosis Program, Division of Special Health Services, Public Health Service 

The Guide discusses in detail the essential elements of a tuberculosis control program 
for patients and personnel in general hospitals. Included in the Guide are comprehensive 


plans for initial and follow-up examinations, as well as a time schedule for repeat tuber 


culin tests and chest roentgenograms 
\ section is devoted to wavs of coordinating hospital and other community services 


for the care of tuberculosis patients and their families 
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10 THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


The Behavior of 
Pulmonary Tuberculous Lesions 


by E. M. MEDLAR, M.D. 


43 illustrations in color 


In this monograph, published originally as a supplement to the March 
issue of The American Review of Tuberculosis and Pulmonary Dis- 
eases, the author has brought together in these eleven comprehensive 
sections the results of a lifetime of observation and interpretation. 


. STATEMENT OF THE PROBLEM. 
. Tae Experm™entaL APPROACH. 
. Necropsy Stupres or Human Putmonary TuBERCULOsIs. 
Precomnary Discussion or Resecrep SPECIMENS. 
Besavior or THE Tusercu.ous Lesion. 
I. A Srupy or Resecrep Minmat TusBercv.osis. 
. Broncurat Lesions TuBERCULOSIS. 
. TUBERCULOSIS AND BRONCHIECTASIS. 
BAcTERIOLOGIC OBSERVATIONS. 
.. Re-EXAMINATION OF THE PROBLEM. 


(I. Postscript. 


A few extra copies of this monograph are available at the following postpaid rates: 


Cloth Bound ....... $2.50 each 
Paper Bound .$1.50 each. 


Send your order and payment at once to 
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either the full-size roll 

or the 70 mm shatelinsseienite 
method — and operates either portable 


units or mobile units with generators. 


— Our technical ad service 
is available without ation. 
Write before you a a TB 
Case-Finding Project! 


POWERS X-RAY PRODUCTS, INC. 
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POSITIONS AVAILABLE 
AND WANTED 


RATE $3.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $$.00 per in- 
sertion for 25 words or less; additional words—20 cents 
each. Box number—75 cents extra. Employment Bu- 
reaus~—$10.00 per column inch. Remittance should ac- 
company copy and be sent to: American Review of 
Tuberculosis, and Pulmonary Diseases, 280 Madison Ave.., 
New York 16, N. Y. 


Director or County-Wipe DePpaRTMENT 

in southern Michigan; population 78,000, two local 
colleges with university and School of Public Health 
within 42 miles; staff of 13 with capable supervising 
nurse; previous experience desirable, but not manda- 
tory; starting salary $11,500 or more for someone well 
experienced in chest diseases for weekly out-patient 
clinic; must have MD from approved school and 
Michigan license. Contact: Chairman of Health Com 
mittee, Lenawee County Health Department, 113 West 


Front Street, Adrian, Michigan 


Assistant Mepicat Director: 114 bed tuberculosis 
hospital, salary $8500-$9500, complete maintenance, 
apply Medical Director & Superintendent, District 
Four Tuberculosis Hospital, Ashland, Kentucky, or 
State Tuberculosis Hospital Commission, State Office 


Building, Frankfort, Kentucky 


Puysic1an WANTED: 324 bed Tuberculosis Hospital, 8 
miles south of Cleveland—treating all phases of chest 
diseases and many interesting general medical diseases 
Experience not necessary. Salary up to $13,760, de 
pending upon experience and qualifications. U. S. citi 
zen, preferably under 54. Apply: Manager, Veterans 
Administration Hospital, Brecksville, Ohio. Phone 


Jackson 6-4366 (Cleveland 


Wantep: A physician to join the staff of a 492-bed 
pulmonary disease service in a large general hospital 
All types of chest diseases treated. Cardiopulmonary 
physiology laboratory and all modern facilities avail 
able. Research is encouraged. Approved for residency 
training. Applicants must be American citizens. Salary 
dependent on training and experience. Write to Direc- 
tor, Professional Services, V.A Hospital, Memphis 15 


Tenn. 
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NYDRAZID 


DISTRYCIN 


REZIPAS 


SQUIBB 


es sent i | qrudqs 
ror cnemotmerapy 
OT 
tuberculosis 


now 


a rapidly eliminated bronchographic medium... 


less irritating—rarely penetrates the alveoli 


Produces clearer, brighter bronchograms—uniform outlining of the 
bronchial tree. 

Usually requires less anesthesia. 

Rapidly and completely eliminated—but retained long enough for 
adequate bronchographic studies. 

Thoroughly documented by reports on thousands of bronchograms. 


SUPPLIED in 15 cc. vials. Stir well before use. 


VISCIODOL® is the registered trademark of the well-tolerated LIPIODOL® (iodized 
oil) sulfanilamide suspension, manufactured under agreement with Andre Guerbet 
Laboratories, Paris, France 


380687 


E. PDUGERA & COMPANY, INC - New york 13,N 


| 
Cr 
Wis 
| 
— by 
\ 


Beer Puisswa, Bacto 


ANTISTREPTOLYSIN TITERS} ames, Bacto 

O Reagent is standardized reagent Bacto-Soprum 0.85%, Bacrto- 

aid in the diagnosis of Rheumaiic Oxaxats So.vtron 0.1 Moras, 
itis and other diseases ampociated So.vtion 0.02 Morar. 


Fever, tis 
with Group A strept infects 
SENSITIVITY TESTS LIVER PATHOLOGY 


THROMBOPLASTIN AND OTHER Reagents. 


RENAL FUNCTION 
HETEROPHILE ANTIBODIES Phenolsul fon phthal. Ampules, Difeo is a carefully 
diagnosis of Infectious Mononueleosis prepared i Je recommended for use in determining 


The differential hi renal ra 
Suspawston, Bacro-Bzer HEMAGGLUTINATION OF 


RED BLOOD CELLS 


BLOOD COAGU LATION by the use of: Bacto-Tarraiw 


Prothrombin determinations require accurately pre- EMAGGLOUTINATION, 
pared i : Bacro-Tanomso- tion Burren, Tarren, Drrco, 1:250, Bacro-Bovirs 


reagents: 
piastm™, 2 Srace Reacerr, 30%, 


Dirco LABORATORIES DETROIT 1, MICHIGAN 


an NAPT symposium 


CONTENTS: 


Introduction; Morbid Anatomy; Infection 
in Aetiology; Air Pollution; 
Diagnosis; Geriatric Aspects; 
Clinical Management; 

The Place of Bronchitis in Thoracic Surgery; 
Social Care and Administration; 
Radiology. 


44 pages, 4 pages of illustrations, DUPLISNAP carbon interleaved 
Mail-Aids, Made in sets of 2, 3, 
6s. 4, 5 and 6 sheets, 33 labels to 
each sheet. Interleaved with 
smudge resistant carbon. For use 
Merough with typewriter. 
NATIONAL ASSOCIATION FOR THE 
PREVENTION OF TUBERCULOSIS 
and Diseases of the Chest and Heart 


Tavisteck House North, Tavistock Square, London, W.C.1. 


Diagnostic Reagents for the Determination of | 
| 
CHRONIC BRONCHITIS oe 
| REA 
— DUPLISNAPS. 


many stress sit 


ites 


nutritional support can easily be given 
as part of the diet 


Ovaltine provides a wealth of essential 
factors which aid the body against the 
detriment of various stresses. And 
Ovaltine’s chemical and mechanical 
blandness combined with good taste make 
it especially useful in bland diets. 


Ovaltine is a soothing...nourishing... 
well-tolerated beverage, ideal for use in 
many stress states in which stimulating 
beverages are contraindicated. 

Patients like Ovaltine hot or cold, at 
any time of the day. 


Three servings of Ovaitine and milk provide: 


MINERALS VITAMINS 


Vilamin 
Vitamin 


R222 


Folic acid 
Choline. 


22228 


*PROTEIN 
CARBOHYDRATE 
FAT... 


Ovaltinesf 


The World’s Most Popular Fortified Food Beverage 


The Wander Company, 105 W. Adams St., Chicago 3, Il. 


‘ 
*Thiamine 
xine 
Sodiam..........560 mg. Pantothenic acid 


